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ABSTRACT
The method o f  s e n s i t i z e d  f lu o r e s c e n c e  was used to  d e t e r ­
mine c r o s s  s e c t i o n s  f o r  th e  v a r io u s  e x c i t a t i o n  t r a n s f e r  p ro c e s s e s
2 2o c c u r in g  in  K -  Rb vapour m ix tu re s  and f o r  ** ^3 /2  ™i%ing and
2 2 2
^1^2 ^ 1/ 2 ’ ^3 /2  quenching  in  rub id ium  induced  in  c o l l i s i o n s  w i th
s e v e r a l  d ia to m ic  and p o ly a to m ic  m o le c u le s  i n  t h e i r  ground s t a t e s .
The a l k a l i  vapour i n  th e  f lu o r e s c e n c e  c e l l ,  which was k e p t  a t  low 
p r e s s u r e s  to  avo id  s e r io u s  e f f e c t s  o f  r a d i a t i o n  im prisonm en t,  was 
i r r a d i a t e d  by one component o f  th e  a p p r o p r i a t e  re so n an ce  d o u b le t .
The r e s u l t i n g  f l u o r e s c e n c e ,  which c o n s i s t e d  o f  th e  w ave leng th  
component p r e s e n t  i n  th e  e x c i t i n g  l i g h t  ( re so n an ce  f lu o r e s c e n c e )  
and th o s e  components w hich a ro s e  from th e  e m is s io n  by atoms 
c o l l i s i o n a l l y  p o p u la te d  ( s e n s i t i z e d  f l u o r e s c e n c e ) ,  was r e s o lv e d  
and observed  a t  r i g h t  a n g le s  to  th e  d i r e c t i o n  o f  th e  i n c id e n t  beam. 
M easurements o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t y  r a t i o s  
i n  r e l a t i o n  to  rub id ium  vapour  p r e s s u r e  y ie ld e d  th e  fo l lo w in g  c ro s s  
s e c t i o n s  f o r  e x c i t a t i o n  t r a n s f e r  in  K - Rb vapour  m ix tu r e s :
^ 12 ' ( ^ ^ ^ 1 /2  =  40  f , Qgg, (K4^P^yg ^  Rb$^P^yg) =  2 ?
Q i^ ,(K 4 ^ P i/2  -, Rb$2p^yg) = 2 .7  Qg^,(K4^Pgyg -Rb^^P^y^) = 1 ,9  
qJ_2(k4^Pi/2 -  K4^P^yj = 260 f , and Q^'(KA^P^y^ -  KA^P^y^) = 175 
I n  m ix tu re s  o f  rub id ium  w i th  m o le c u la r  g a s e s ,  m easurem ents o f  th e  
i n t e n s i t y  r a t i o s  in  r e l a t i o n  t o  gas  p r e s s u r e s  gave th e  fo l lo w in g  
c r o s s  s e c t i o n s  f o r  th e  m ix ing  and quench ing  c o l l i s i o n s .  For :
i i i
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-  S / 2 >  = 11 -  S / 2 >  ■ 15 \ o ' ' \ / 2  -
2 p i / ^ )  =  6 f ,  -  \ / ^ )  = 3 t o r  HD: Q , ,  = 18 f ,
Qgl = 25 &2, =  6 %2^ 5 %2. f o r  =  g2 &2, Qg^ =
30 &2, = 3 &2^  = 2 &2; for Ng: Q^ g = 1& Qgi = 23
Qio = 58 &2, OgQ = 43 for CH^ y = 30 = 42 Bf;
for CD^ : = 28 = 38 for C^ H^ : " %3 Qg^  =
32 &2, = 139 a2^ %2. CgH :^ Q^ g = 57 and
"21 = 77
IV
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I .  INTRODUCTION
The u n d e r s ta n d in g  o f  th e  p h y s ic a l  b e h av io u r  o f  system s such 
a s  f la m e s ,  d i s c h a r g e s ,  s t e l l a r  a tm o sp h e re s ,  th e  a u ro ra  and o t h e r s ,  
where atoms and m o le c u le s  a r e  c o n t in u o u s ly  e x c i t e d  and d e - e x c i t e d  by 
th e  a b s o r p t i o n  and e m is s io n  o f  r a d i a t i o n  and by c o l l i s i o n s  w i th  o th e r  
a tom s, m o le c u le s  and e l e c t r o n s ,  r e q u i r e s  a d e t a i l e d  knowledge o f  th e  
r e a c t i o n  r a t e s  o r  c r o s s  s e c t i o n s  f o r  th e  v a r io u s  p r o c e s s e s  t h a t  a r e  
in v o lv e d .  Much i n t e r e s t  h as  been devo ted  r e c e n t l y  to  a l l  such 
p r o c e s s e s ,  among which i n e l a s t i c  c o l l i s i o n s  le a d in g  to  th e  t r a n s f e r  
o f  e x c i t a t i o n  energy  i n  heavy a tom s, have been r e c e iv in g  p a r t i c u l a r  
a t t e n t i o n  i n  t h i s  l a b o r a t o r y .  C o l l i s i o n s  in v o lv in g  a l k a l i  m e t a l s ,  
because  o f  t h e i r  r e l a t i v e l y  s im ple  h y d r o g e n - l ik e  s t r u c t u r e ,  a r e  
e s p e c i a l l y  i n t e r e s t i n g  s in c e  some com parison  between th e o ry  and 
ex p er im en t i s  p o s s i b l e .  Of t h e s e ,  a l k a l i  -  i n e r t  g as  c o l l i s i o n s  and 
c o l l i s i o n s  betw een i d e n t i c a l  a l k a l i  atoms have been i n v e s t i g a t e d  most 
th o ro u g h ly .  T h e o r e t i c a l  s t u d i e s  have had some s u c c e ss  in  p r e d i c t i n g  
c r o s s  s e c t i o n s  f o r  th e  c o l l i s i o n a l  t r a n s f e r  o f  e x c i t a t i o n  betw een th e  
re so n an ce  s t a t e s  o f  a l k a l i  atoms when th e  en e rg y  s e p a r a t io n s  between 
the resonance states are small and can be neglected, as is the case 
w ith  sodium (Callaw ay and Bauer I 9 6 5 ) . However, i n  c o l l i s i o n s  
in v o lv in g  atoms such a s  ru b id iu m  and ces ium , where th e  en e rg y  gaps 
between th e  f i n e - s t r u c t u r e  s u b s t a t e s  a r e  l a r g e  and c o n s e q u e n t ly  
can n o t be n e g l e c t e d ,  agreem ent w i th i n  an  o r d e r  o f  m agnitude  between
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
th e o r y  and experim en t has  been ach ie v e d  on ly  v e ry  r e c e n t l y  (D ashevskaya 
e t  a l ,  1970 ) .  I t  i s  th e  purpose  o f  t h i s  r e s e a r c h  to  s tudy  i n e l a s t i c  
c o l l i s i o n  p ro c e s s e s  i n  w hich e x c i t a t i o n  energy  i s  t r a n s f e r r e d  between 
a tom ic  s u b s t a t e s  o f  r e l a t i v e l y  l a r g e  energy  s e p a r a t i o n s .  S p e c i f i c a l l y ,  
c r o s s  s e c t i o n s  were m easured f o r  th e  c o l l i s i o n  p ro c e s s e s  o c c u r in g  in  
m ix tu re s  o f  p o ta ss iu m  and rub id ium  v apours  and o f  rub id ium  w i th  
m o le c u la r  g a s e s .
When a m ix tu re  o f  p o ta ss iu m  and rub id ium  v apours  i s  
i r r a d i a t e d  w i th  one component o f  th e  p o ta s s iu m  re so n an ce  d o u b le t ,  th e  
r e s u l t i n g  f lu o r e s c e n c e  in c lu d e s  th e  w av e len g th  component p r e s e n t  in  
th e  i n c id e n t  l i g h t  ( re so n a n c e  f lu o r e s c e n c e )  a s  w e l l  as  th o s e  components 
w hich a r i s e  a s  a r e s u l t  o f  c o l l i s i o n a l  e x c i t a t i o n  t r a n s f e r  ( s e n s i t i z e d  
f l u o r e s c e n c e ) .  The p r o c e s s e s  o f  e x c i t a t i o n  t r a n s f e r  from th e  
p o ta ss iu m  to  th e  rub id ium  atoms may be r e p r e s e n te d  by th e  fo l lo w in g  
g e n e r a l  e q u a t io n :
K (4^Pj) + Rb(5^S^y2^ -* K(4^ 81/ 2 ) + Rb(5^P^) + AE ( 1 )
where J  = l / s  o r  3 /2  and AE i s  th e  ene rgy  d e f e c t  between th e  a p p r o p r i ­
a t e  p o ta ss iu m  and rub id ium  s t a t e s ,  w hich i s  c o n v e r te d  in t o  r e l a t i v e  
k i n e t i c  energy  o f  th e  c o l l i d i n g  a tom s. The r e v e r s e  p ro c e s s e s  i n  w hich 
the energy AE is supplied by the kinetic energy of the colliding 
p a r t n e r s  i s  no t  shown h e re  s in c e  th e  low f l u o r e s c e n t  i n t e n s i t i e s  made 
o b s e r v a t io n  o f  th e s e  e v e n t s  im p o s s ib le .  C o l l i s i o n s  o f  e x c i t e d  p o t a s s ­
ium atoms w i th  ground s t a t e  rub id ium  atoms may a l s o  le a d  to  a t r a n s f e r  
o f  e x c i t a t i o n  energy  between th e  p o ta ss iu m  re so n an ce  s t a t e s .  These 
p r o c e s s e s ,  u s u a l l y  r e f e r r e d  to  a s  c o l l i s i o n a l  m ix in g ,  may be
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
r e p r e s e n t e d  by th e  fo l lo w in g  e q u a t io n :
K (4^P l/g )  +  Rb(5^S^/g) + AE' ^  K(4^P^yg) +  Rb(5^S^yg) (2)
2 2where AE*is th e  energy  d e f e c t  between th e  4 P^y^ and 4 P^yg s t a t e s  
o f  p o ta ss iu m  and e q u a ls  57 cm Both th e  fo rw ard  and r e v e r s e  p r o ­
c e s s e s  c o u ld  be o b se rv e d .
Some o th e r  r e c e n t  i n v e s t i g a t i o n s  o f  s e n s i t i z e d  f lu o r e s c e n c e  
induced  in  c o l l i s i o n s  between two d i s s i m i l a r  m e t a l l i c  atoms and le a d in g  
to  a b s o lu t e  c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  t r a n s f e r ,  have been  c a r r i e d  
o u t  w ith  m ix tu re s  o f  sodium and m ercury  (K ra u lin y a  1964),  m ercury  and 
th a l iu m  (K ra u l in y a  and L ez d in  I 9 6 6 ; Hudson and C u rn u t te  I 9 6 6 ) ,  m ercury  
and z in c  ( S o s i n s k i i  and Morosov I 9 6 5 ) ,  and cadmium and cesium  ( F r i e d r i c h  
and S e iw er t  1957)* An e a r l i e r  s tu d y  o f  a system  c o n ta in in g  two a l k a l i  
m e ta l s  a t  low vapour d e n s i t i e s  h as  been r e p o r t e d  by C zajkow ski,
McGill i s  and K rause (’196 6 b ) , who o b ta in e d  t o t a l  c r o s s  s e c t i o n s  f o r  
i n e l a s t i c  c o l l i s i o n s  betw een e x c i t e d  ru b id iu m  and ground s t a t e  cesium  
a tom s, Thangara j ( 1948) a l s o  e s t im a te d  th e  c r o s s  s e c t i o n  f o r  i n e l a s t i c  
c o l l i s i o n s  between p o ta ss iu m  and ru b id iu m  atoms a t  r e l a t i v e l y  h ig h  
vapour d e n s i t i e s ,  and S e iw er t  (195&) s tu d ie d  a sodium -  p o ta ss iu m  
m ix tu re  un d er  s i m i l a r  c o n d i t i o n s ,  though  he d id  no t o b t a in  any c o l l i s i o n  
c r o s s  s e c t i o n s .  S ince  th e  p u b l i c a t i o n  o f  th e  r e s u l t s  o f  t h i s  i n v e s t i ­
g a t i o n  (Hrycyshyn and K rause1969ab). c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  
t r a n s f e r  from p o ta ss iu m  to  ru b id iu m  atoms have been r e p o r t e d  by o th e r  
a u th o r s  ( O r n s t e in  and Z are  1969» S tacey  and Zare 19 7 0 )«
2The s tu d y  o f  e x c i t a t i o n  t r a n s f e r  between th e  ru b id iu m  P j  
f i n e  s t r u c t u r e  s u b s t a t e s  ( c o l l i s i o n a l  m ix ing) Induced in  c o l l i s i o n s
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w i th  m o le c u la r  g a s e s ,  i s  o f  i n t e r e s t  because  th e  r e s u l t s  o f  a p re v io u s  
s tu d y  (M cG il l is  and K rause 1968b, I 9 6 9 ) showed t h a t  c ro s s  s e c t i o n s  f o r  
m ix ing  o f  th e  s u b s t a t e s  o f  cesium  w hich a re  s e p a ra te d  by an energy
gap o f  554 cm ^ , induced  in  c o l l i s i o n s  w i th  d ia to m ic  and some p o ly ­
a tom ic m o le c u le s ,  were ab o u t f i v e  o r d e r s  o f  m agnitude  l a r g e r  th a n  th e  
c o r re s p o n d in g  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  w i th  i n e r t  gas  atoms
(C zajkow sk i,  M c G il l is  and K rause 1 966a) , On th e  o th e r  hand, m ixing
1c r o s s  s e c t i o n s  observed  in  sodium (AE = 17,2  cm ) c o l l i s i o n s  w i th
. i n e r t  g a se s  ( P i t r e  and K rause I 96 7 ) a r e  o f  th e  same o r d e r  o f  m agnitude
as  th e  c o r re s p o n d in g  c r o s s  s e c t i o n s  ob se rv ed  i n  m ix tu re s  o f  sodium
and m o le c u la r  g a s e s  (S tupavsky  and K rause I 9 6 8 , I9 6 9 ) ,  I t  i s
a p p a re n t  t h a t  i n  c o l l i s i o n s  w i th  m o le c u le s ,  th e  t r a n s f e r  o f  e x c i t a t i o n
2
energy  between th e  P^ s u b s t a t e s  o f  th e  a l k a l i  atoms would be g r e a t l y  
enhanced i f  th e  energy  d e f e c t  AE between th e s e  s t a t e s  cou ld  be t r a n s ­
f e r r e d  i n t o  m o le c u la r  v i b r a t i o n a l  and r o t a t i o n a l  l e v e l s  as  w e l l  as  
i n t o  th e  k i n e t i c  e n e r g i e s  o f  th e  c o l l i d i n g  p a r t n e r s .  However, l i t t l e  
i s  known o f  th e  e f f e c t s  o f  i n t e r n a l  m o le c u la r  s t r u c t u r e ,  e s p e c i a l l y  
th o s e  o f  r o t a t i o n a l  e x c i t a t i o n  on th e  v a r io u s  c o l l i s i o n a l  p r o c e s s e s .
I n  t h i s  i n v e s t i g a t i o n ,  c r o s s  s e c t i o n s  have been d e te rm in e d
f o r  i n e l a s t i c  c o l l i s i o n s  between e x c i t e d  rub id ium  atoms and v a r io u s
2 2
diatomic and polyatomic molecules leading to 5 ^l/2 ^ ^3/2
The energy  s e p a r a t i o n  betw een th e s e  re so n a n c e  l e v e l s  in  ru b id iu m  e q u a ls  
-1238  cm , making th e  i n t e r a c t i o n  c o n s id e r a b ly  l e s s  a d i a b a t i c  th a n  in  
th e  ca se  o f  cesium  where th e  re so n a n c e  d e f e c t  amounts to  554 cm ^ , 
M olecu les  a r e  a l s o  known to  be e f f i c i e n t  in  c o l l i s i o n a l l y  d e a c t i v a t i n g  
(quench ing) e x c i t e d  s t a t e s  (M i tc h e l l  and Zemansky I 9 6 I ) ,  S in ce  th e
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e f f e c t s  o f  quenching  can be s e p a ra te d  from th o s e  o f  m ix in g ,  th e  
2 2 2
5 ^ 1 /2  ^ ^ 1/ 2 ’  ^ P^y/g quench ing  c r o s s  s e c t i o n s  cou ld  a l s o  be
e s t i m a t e d .  When a s in g l e  component o f  th e  rub id ium  re so n a n c e  d o u b le t
i s  used to  i r r a d i a t e  th e  v a p o u r-g a s  m ix tu r e s ,  t h e  c o l l i s i o n a l  p r o ­
c e s s e s  which occu r  can  be r e p r e s e n te d  by th e  fo l lo w in g  e q u a t io n s :
R b(5^Pj)+M  Rb($2pj|) + M* (3)
R b(5^Pj) +  M -  Rb(5^S^/g) +  (4)
where J  and J ’ a r e  e i t h e r  1 /2  o r  3/ 2 , and r e p r e s e n t s  a m o lecu le
whose t r a n s l a t i o n a l ,  v i b r a t i o n a l  and r o t a t i o n a l  energy  has  changed as
a r e s u l t  o f  c o l l i s i o n .  When J  5^  J ’ , e q ,  (3 ) r e p r e s e n t s  th e  e x c i t a t i o n
t r a n s f e r  p ro c e s s  between th e  ^P^ s t a t e s  (m ixing) and e q ,  (4 ) r e p r e s e n t s
th e  quenching  r e a c t i o n .
The quenching  o f  rub id ium  re s o n a n c e  r a d i a t i o n  by v a r io u s
m o le c u le s  h as  been r e c e n t l y  s tu d ie d  a t  f lam e te m p e ra tu re s  by J e n k in s
( 1968) ,  and Hooymayers and N ien h u is  ( I 9 68 ) who r e p o r te d  th e  p o s s i b i l i t y
o f  a re so n an ce  e f f e c t  between th e  e x c i t e d  s t a t e s  i n  ru b id iu m  and th e
m o le c u la r  v i b r a t i o n a l  l e v e l s .  These a u th o r s  d id  n o t  a t t e m p t ,  how ever,
t o  r e s o lv e  th e  rub id ium  re so n an ce  d o u b le t .  I f  a r e so n an ce  e f f e c t  were
p r e s e n t ,  th e  quenching  c r o s s  s e c t i o n s  o f  e x c i t e d  rub id ium  in  c o l l i s i o n s
w ith  m o le c u le s  o f  a s p e c i f i c  gas shou ld  be ex tre m e ly  s e n s i t i v e  a s  to  
2
which rub id ium  P j  s u b s t a t e  would be i n i t i a l l y  e x c i t e d .  I n  t h i s
i n v e s t i g a t i o n ,  i t  was p o s s i b l e  to  o b t a in  i n d i v id u a l  c r o s s  s e c t i o n s
2
f o r  th e  quenching  o f  each  P^ s u b s t a t e .  I t  shou ld  be borne in  mind, 
however, t h a t  i f  th e  quenching  c r o s s  s e c t i o n s  were s t r o n g ly  dependen t
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on th e  chem ica l  p r o p e r t i e s  o f  th e  m o le c u le s ,  a com parison  o f  th e  
r e s u l t s  o b ta in e d  a t  flam e te m p e ra tu re s  w i th  th o s e  o b ta in e d  in  t h i s  
ex p er im en t (T =  m igh t no t  be s i g n i f i c a n t .
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I I .  MACROSCOPIC THEORY OF THE INELASTIC PROCESSES
I n  o r d e r  to  e x p e r im e n ta l ly  d e te rm in e  th e  c r o s s  s e c t i o n  f o r  
any s p e c i f i c  p r o c e s s ,  i t  i s  f i r s t  n e c e s s a ry  to  e x p re s s  i t  i n  te rm s o f  
m e asu ra b le  q u a n t i t i e s .  S ince  th e  p r o c e s s e s  which o ccu r  i n  a l k a l i  - 
a l k a l i  c o l l i s i o n s  a r e  no t  co m p le te ly  i d e n t i c a l  w i th  th o s e  i n  a l k a l i  -  
m o le c u la r  gas  c o l l i s i o n s  where quenching  r e a c t i o n s  must be ta k e n  in t o  
a c c o u n t ,  each  system  w i l l  be t r e a t e d  s e p a r a t e l y ,
A, C o l l i s i o n s  Between E x c i te d  P o ta ss iu m  Atoms and Ground S t a t e  
Rubidium Atoms
2
The p r o c e s s e s  which o c c u r  when th e  p o ta ss iu m  4 s t a t e
i s  o p t i c a l l y  e x c i t e d  i n  a K -  Rb vapour m ix tu r e ,  a r e  shown in  F ig ,  1,
The most p ro b a b le  p r o c e s s e s  w hich g iv e  r i s e  t o  re so n an ce  f lu o r e s c e n c e  
and s e n s i t i z e d  f lu o r e s c e n c e  a r e  in d i c a t e d  by s o l i d  a r ro w s ;  th e  broken  
a rrow s show r e a c t i o n s  which a l s o  le a d  to  s e n s i t i z e d  f lu o r e s c e n c e  bu t  
a r e  much l e s s  p ro b a b le .
The v a r io u s  r e a c t i o n s  a r e  r e p r e s e n te d  by t h e  fo l lo w in g
e q u a t io n s  :
K(4^Siy2) + hUg -  K(4^Pgyg) (5)
(t )"^
K (4^P2/g) • -  K(4^S^y2) +  hUg (6)
z
K(4^P^yg) + RbCs^S^yg) K(4^S^yg) + Rb(5^P^yg) (?)
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F ig .  1. Energy l e v e l  d iagram  showing s e n s i t i z e d  f lu o r e s c e n c e  in  
Rb induced  by c o l l i s i o n s  w i th  K atoms in  t h e i r  s t a t e s .  The s ^
c o e f f i c i e n t  d e n o te s  e x c i t a t i o n  by th e  a b s o r p t i o n  o r  p h o to n s ,  t h e  ( t ) 
c o e f f i c i e n t s  r e f e r  to  spon taneous  r a d i a t i v e  decay  and th e  Z c o e f f i c i e n t s  
t o  r a d i a t i o n l e s s  t r a n s f e r  o f  energy  by i n e l a s t i c  c o l l i s i o n s .  The 
p r im ary  p r o c e s s e s  a r e  r e p r e s e n t e d  by s o l i d  a r ro w s .
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+ RbCs^P^yg) ( 8 )
z
K ( A . / ^ )  +  X (^ S ,/^ )  K (4 ^ P ,/^ )  +  X ( ^ S , / . )  (9)
( 10)
' 3 / 2 '  ^  XI S1/ 2 '  "  +  XI b i / g ,
(t ,)■’■
R b ( 5 % / 2 ^  R bfS ^S i/g )  + hUg,
(t ,)"^
R b(5^P l/2 )  R b tS ^ S i/g )  +  hu^, (11)
? ( t , ) " ^  p
K(^ P l / 2  ^ K(4 S^/g) + hu^ (12)
2
Kt^Zp^/g) + X(2Siy2) ^  K(4^P^yg) + X(^S^yg) (I3)
2
K(4^P^yg) + Rb(^S^yg) K^k^S^yg) +  Rb^S^P^/g) (14)
2
K C k ^ P ^ y g )  +  R b ^ ^ S ^ / g )  K ( 4 ^ S ^ y 2 ) +  R b ( 5^ P ^ y p )  ( I 5 )
R b ( 5 % y 2 )  +  X ( ^ S ^ y 2 ) 2 1 1 ' R b ( 5 2 p ^ y ^ )  +  X ( 2 s ^ y 2 ) ( I 6 )
Rb(52p^y^) + X(2 s^y^) 112' Rb(52p^y^) + x(2s^y2) (I7)
where i s  th e  d e n s i t y  o f  p o ta ss iu m  atoms e x c i t e d  p e r  second from
2 2
t h e  4 ^1 /2  t^be 4 P^y^ s t a t e ,  and Tg a r e  th e  av e ra g e  l i f e t i m e s  o f
2 2
t h e  4 P^yg and 4 P^y^ s t a t e s  o f  p o ta ss iu m  r e s p e c t i v e l y ,  Tj^ , and Tg,
2 2a r e  th e  av e ra g e  l i f e t i m e s  o f  th e  5 P^^yg and 5 P^y^ s t a t e s  o f  rub id ium
r e s p e c t i v e l y ,  ^21* ^ 2 2 '*  ^ 2 1 '*  ^12 '*  ^ 1 1 '*  ^ 2 '1 '  ^ 1 '2 '
th e  f r e q u e n c ie s  o f  c o l l i s i o n s  p e r  e x c i t e d  atom g iv in g  r i s e  t o  r a d i a ­
t i o n l e s s  energy  t r a n s f e r ,  and X r e p r e s e n t s  e i t h e r  a p o ta ss iu m  o r  a 
ru b id iu m  atom in  th e  ground s t a t e .  E q u a t io n s  ( 5 ) “ (12) r e p r e s e n t  th e  
p r im ary  p r o c e s s e s  and e q u a t io n s  ( I 3 ) -  ( l ? )  r e p r e s e n t  th e  seco n d ary  
r e a c t i o n s .
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Some o f  th e  secondary  p r o c e s s e s  can  be n e g l e c t e d .  I n  th e  
te m p e ra tu re  ran g e  80 - 100°C, m ix ing  o f  th e  4^P s t a t e s  induced  by 
c o l l i s i o n s  w i th  ground s t a t e  p o ta ss iu m  atoms p roduces  r a t i o s  o f  abou t 
10 ^ o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t i e s  (Chapman 196$) 
a s  does th e  m ix ing  induced  by th e  more numerous rub id ium  atoms 
(H rycyshyn and K rause 1969b ) , '  Hence, p r o c e s s e s  (14) and (1$) a re  
n e g l i g i b l e  i n  com parison  to  ( 7 ) and ( 8 ) ,  r e s p e c t i v e l y ,  and p ro c e s s  
( 13 ) i s  n e g l i g i b l e  compared w ith  p ro c e s s  ( $ ) .  At ru b id iu m  vapour
_c 2
p r e s s u r e s  up to  10 mm Hg, m ixing  o f  th e  $ P s t a t e s  a l s o  g iv e s
r a t i o s  o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t i e s  amounting
to  10 ^ , and th u s  p r o c e s s e s  ( I 6 ) and ( I 7 ) a r e  n e g l i g i b l e  i n  com parison
w i th  (8) and (1 0 ) ,  and (7 ) and ( l l ) ,  r e s p e c t i v e l y  (Rae and K rause
1965) ,  F u r th e r  s i m p l i f i c a t i o n s  w i l l  be in t ro d u c e d  a t  a l a t e r  s t a g e .
I f  i t  i s  assumed t h a t  th e  K -  Rb vapour m ix tu re  e x i s t s
in  a s te a d y  s t a t e  which in v o lv e s  o n ly  th e  o p t i c a l  e x c i t a t i o n  o f  th e
3 /2
p r o c e s s e s  shown in  F ig ,  1 , th e  fo l lo w in g  r a t e  e q u a t io n s  may be 
w r i t t e n :
d N ( 4 \ / . )  5 1
 +  Z21 +  2 2 2 , +
dN (4^P ,/p )  0 0 -1
 d T ^  =  +  =12 +  = 12 ' +
Z l l , ]  = 0 ( 19 )
2
p o ta ss iu m  4 P / s t a t e ,  spon taneous  decay  and th e  v a r io u s  c o l l i s i o n a l
dN($2p , )
- N ( 5 % / 2 ) ( T 2 . )
-1 =  0 (2 0 )
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2  2 - 1  
 d T ^  =  ^ 2 1 , " k \ / 2 l  -  N ( 5 \ / 2 ) ( T i , )  -  0 (21)
2 2 w here , f o r  exam ple, N(4 ) d e n o te s  th e  d e n s i t y  o f  4 P^y^ p o ta ss iu m
atoms and i s  connec ted  as  fo l lo w s  to  th e  o bserved  i n t e n s i t y  o f  f l u o r ­
e s c e n c e ,
hu„
I(ug) = e N(4 P^y^) (22)
e i s  a m easure o f  th e  re sp o n s e  o f  th e  d e t e c t i o n  system  to  r a d i a t i o n  
o f  f req u en cy  Ug and i s  assumed to  be th e  same f o r  a l l  f r e q u e n c ie s  
o bserved  h e r e .  S u b s t i t u t i o n  i n t o  e q u a t io n s  (1 9 ) ,  ( 2 0 ) ,  and (21) 
y i e l d s  :
'21 -  % l ' " ^ ^12 """ ^12’ ^11’  ^ '^ 1 (2 3 )




^2 ''I2 I ’
(2 5 )
where =  7699 Xg =  766$ & , = 7948 R and X^,  =  7800 R, r|j^,
**^ 22' ^ 1 '  r e p r e s e n t  r a t i o s  o f  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t
i n t e n s i t i e s  w hich a r e  m easured e x p e r im e n ta l ly ,
. ^^2 . - e i  ' ^ 1 . - i m e i  -
2I f ,  i n s t e a d ,  th e  p o ta ss iu m  4 P^y^ s t a t e  i s  o p t i c a l l y  
e x c i t e d ,  th e  fo l lo w in g  e q u a t io n s  r e s u l t :
^12 ^  ^21 ^  ^22 ' ^  ^21’  ^ I s  (^7)
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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^ 1 2 ’ (28) 
^11» “  (^1^ ^ 1 1 ' (29)
where
’h - a # '  %2. -  - % . = » ! } •  ‘30)
I n  a l l  i n t e n s i t y  r a t i o s  ( r e v a lu e s )  d e f in e d  in  e q u a t io n s  (26) and (3 0 ) , 
th e  components a p p e a r in g  i n  th e  deno m in a to rs  a r e  o f  th e  same wave­
l e n g th s  a s  th o s e  used  f o r  th e  e x c i t a t i o n  o f  f l u o r e s c e n c e .
S ince  th e  s e p a r a t i o n  o f  th e  p o ta ss iu m  re so n a n c e  d o u b le t  
i s  s m a l l ,  s e t t i n g  = Tg = T and = Xg in t r o d u c e s  a n e g l i g i b l e
e r r o r  i n  e q u a t io n s  (23) and ( 2 ? ) .  The f u r t h e r  c o n d i t i o n s  t h a t  
(^ 1 2 ’ ^ 1 1 ’  ^ «  ( t )  ^ and (Zg^, + Z ^ ^ ,)  «  ( t ) w hich were found
t r u e  over t h e  com ple te  e x p e r im e n ta l  r a n g e ,  s im p l i f y  th e  s o l u t i o n s  o f  
e q u a t io n s  (2 3 ) and (2?) i n  th e  fo l lo w in g  m anner.
'2 1  =  ;  <3’ >
'1 2  =  ;  <32>
When Tlj^  and r\^ a r e  v e ry  sm all  ( i n  f a c t ,  abou t 10 ^) , e q u a t io n s  (3 I )  
and (3 2 ) become f u r t h e r  s i m p l i f i e d :
"Hi
h i  “  T  ’ h 2  "  T  (33)
S ince  Z^^ and Z^^ in c lu d e  th e  combined r a t e s  a t  w hich th e
2
energy  o f  p o ta ss iu m  a tom s, o p t i c a l l y  e x c i t e d  t o  a p a r t i c u l a r  P
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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s u b s t a t e ,  i s  t r a n s f e r r e d  to  th e  o t h e r  s u b s t a t e  by c o l l i s i o n s  w i th  
p o ta ss iu m  and rub id ium  atoms i n  t h e i r  ground s t a t e s ,  th e y  c a n  be 
r e p r e s e n te d  a s  f o l lo w s :
^ 2  -  ^ 2  + < 2
^21 “  ^21 ^21 
f f f
where and Z^^ r e f e r  to  c o l l i s i o n s  w i th  p o ta ss iu m  and rub id ium  
atoms r e s p e c t i v e l y .  Eqs. (34) th e n  become
_  (^2 •  ll2> .  i l
12 T T
"21 = = - T
S ince  th e  v a lu e s  Z^^ and Z^^ a r e  known (Chapman and K rause  196$),
2^2 and Z^^ may be o b ta in e d  d i r e c t l y .
E q u a t io n s  (2 4 ) ,  (2 $ ) ,  ( 2 8 ) ,  (29) and (3$) co n n ec t  th e  t o t a l  
c o l l i s i o n  c r o s s  s e c t i o n s  w i th  th e  e x p e r im e n ta l ly  m e asu ra b le  i n t e n s i t y  
r a t i o s .
B. C o l l i s i o n s  Between E x c i te d  Rubidium Atoms and Ground S t a t e  D iatom ic 
or P o lya tom ic  M olecu les
S ince  on ly  one s p e c ie s  o f  a l k a l i  atom i s  in v o lv e d ,  th e  
number o f  c o l l i s i o n a l  m ix ing  p r o c e s s e s  i s  c o n s id e r a b ly  s m a l le r  th a n  
t h a t  c o n s id e re d  in  S e c t io n  A above . However, w h ile  i n  th e  p r e v io u s  
c a s e  th e  e n t i r e  t r a n s f e r  o f  ene rgy  by c o l l i s i o n s  w i th  atoms c o u ld  be 
d e t e c t e d  as  s e n s i t i z e d  f l u o r e s c e n c e ,  m o le c u le s  a r e  c a p a b le  o f  quench­
in g  e x c i t e d  atoms to  t h e i r  ground s t a t e s  w i th o u t  th e  e m is s io n  o f
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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r a d i a t i o n .  The m ix ing  and quenching  p ro c e s s e s  t h a t  o ccu r  when th e
2
v a p o u r-g a s  m ix tu re  i s  o p t i c a l l y  e x c i t e d  to  th e  ru b id iu m  $ s t a t e
a r e  r e p r e s e n t e d  i n  F ig .  2 .  The v a r io u s  p r o c e s s e s  a r e  r e p r e s e n te d  




R b (5 ^ P l/2
R b(5^P j/2
+ R b ( 5 % / g )
(Tp)"^ 2
. s^yg) +  hUg
+ M Rb(5^P^y2) +  M*
20+ M RbfS^S^yg) +  M
, - l
,2( T i ) ‘ Rb(5 S iy^) +  hu^
+ M  +  M*








where s^ i s  th e  d e n s i t y  o f  rub id ium  atoms e x c i t e d  p e r  second from th e
2
ground s t a t e  t o  th e  $ ^3 /2  s t a t e ,  Tj^  and Tg a r e  th e  av e ra g e  l i f e t i m e s  
o f  th e  ^ ' ^ y/2  ^^^3 /2  s t a t e s  r e s p e c t i v e l y ,  Z^^, Z^q a r e
th e  c o l l i s i o n  numbers d e f in e d  a s  th e  f r e q u e n c ie s  o f  c o l l i s i o n s  p e r
e x c i t e d  rub id ium  atom le a d in g  to  th e  c o l l i s i o n  m ix ing  p r o c e s s e s
2 2 2 2 2 
P1 / 2  ^3/ 2 ’ ^ 1 /2  P3/ 2 ' and th e  quenching p r o c e s s e s  P^y^
2 2 2 S^y^ and P^y^ S^y^ , r e s p e c t i v e l y ,  M i s  a m o lecu le  i n  i t s  g round
s t a t e  and M* i s  a m o lecu le  whose t r a n s l a t i o n a l ,  v i b r a t i o n a l  and
r o t a t i o n a l  ene rgy  has  changed a s  a  r e s u l t  o f  an  i n e l a s t i c  c o l l i s i o n .
The m ix ing  o f  th e  P s u b s t a t e s  i s  assumed to  be e n t i r e l y  induced  by
c o l l i s i o n  w i th  m o le c u le s  s in c e  th e  s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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F ig ,  2 .  Energy l e v e l s  in v o lv e d  i n  s e n s i t i z e d  f lu o r e s c e n c e  o f  
Rb and i n  th e  quenching  o f  th e  Rb re so n a n c e  r a d i a t i o n  induced  by 
c o l l i s i o n s  w i th  d ia to m ic  and p o ly a to m ic  m o le c u le s .
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i n t e n s i t y  r a t i o s  due to  c o l l i s i o n s  w i th  o th e r  rub id ium  atoms a r e  abou t
10 ^ a t  th e  vapour p r e s s u r e s  used in  th e s e  ex p e r im en ts  (10 ^ mm Hg)
(Rae and K rause I 9 65 ) i  t h i s  i s  a t  l e a s t  two o r d e r s  o f  m agnitude
s m a l le r  th a n  th e  v a lu e s  obse rved  a t  th e  lo w es t  gas  p r e s s u r e s  u s e d .
I f  i t  i s  a g a in  assumed t h a t  th e  v a p o u r-g a s  m ix tu re  e x i s t s
i n  a s te a d y  s t a t e  w hich in v o lv e s  o n ly  th e  o p t i c a l  e x c i t a t i o n  o f  th e  
2
rub id ium  5 s t a t e ,  spon taneous  decay  and th e  c o l l i s i o n a l  p r o c e s s e s
i n d i c a t e d  i n  F ig ,  2 ,  th e  fo l lo w in g  r a t e  e q u a t io n s  may be w r i t t e n :
dN($2p / ) 0 5 - 1
-  =2 +  " 12“ '5  ‘■1/ 2 > -
+ Zgl +  %2o] =  °  (43)
dNfsZp / ) 0 0 - 1
+ Z^q] = 0 ihk)
2
w h ere ,  f o r  exam ple , N(5 P^y^) r e p r e s e n t s  t h e  d e n s i t y  o f  ru b id iu m  atoms 
2
i n  th e  5 P^y^ s t a t e .  By r e l a t i n g  th e  d e n s i t i e s  o f  th e  e x c i t e d  atoms 
to  th e  i n t e n s i t i e s  o f  th e  re so n a n c e  com ponents , e q ,  (44) becomes
^21 ^  TgÂg" [ ( ^ 1 ) ^  %12 ^  ^10^ ^1 (^ 5 )
2
I f  th e  rub id ium  5 P^y^ s t a t e  i s  o p t i c a l l y  e x c i t e d  i n s t e a d ,  
th e  fo l lo w in g  e q u a t io n  i s  o b ta in e d :
^12 “  '^('•'2  ^ ^21 %2o] (46)
w here
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= 7948 ^  and = 7800 X, The components ap p e a r in g  i n  th e  denom­
i n a t o r s  o f  e q .  (47) a r e  o f  th e  same w av e le n g th s  a s  t h a t  u sed  f o r  th e  
e x c i t a t i o n  o f  f lu o r e s c e n c e .  S o lu t i o n s  o f  e q s ,  (45) and (46) f o r  
and le a d  to  th e  fo l lo w in g  e q u a t io n s ,
^21 “  A + (48)
^12 ”  0 +  SZgo + c z io
where
A = (t 'HiCyXg + Ugl
n  =  rr ~^1
1 [1  -
^ 1 ^ 2
'  "  [ T % - ^  (50)
n =  fT ^
^ [1 -  % ]
p ^  ( i j )  rig
2 [1  -  -n^Tig]
At low gas  p r e s s u r e s ,  quench ing  e f f e c t s  a r e  n e g l i g i b l e  and e q s ,  (48)
and (49) red u ce  to  Z^^ =  A and Z^^ =  D, I f  th e  m ix ing  c r o s s  s e c t i o n s
a r e  known, th e  quenching  c r o s s  s e c t i o n s  can be o b ta in e d  a s  f o l l o w s .
E q u a t io n s  (48) and (49) may be r e w r i t t e n  i n  th e  form
=21 -  A -  Agi = »^10 + “ 20 <51)
=12 -  * -  ^ 2  “  "^20 + “ 10 ‘52)
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E q u a t io n s  ( $ l )  and (52) may be s o lv e d  f o r  Z^q and Z^^, g iv in g
^ 0  " %  < Y >  -  -"u ‘ 53>
=20 =  %  ( ÿ )  -  = ^1  (5 4 ,
Once th e  m ix ing  c r o s s  s e c t i o n s  have been o b ta in e d  from th e  low-
1
p r e s s u r e  d a t a ,  th e  c o l l i s i o n  numbers can  be d e te rm in ed  a t  any p r e s s u r e ,  
The d e v i a t i o n s  o f  th e s e  c o l l i s i o n  numbers from th e  e x p e r im e n ta l ly  
de te rm in ed  c o e f f i c i e n t s  A and D in  e q s ,  ( 5I )  and (52) y i e l d  th e  
q u a n t i t i e s  and A^^ w hich a r e  used in  e q s ,  (53) and ( 54 ) to  
d e te rm in e  th e  c o l l i s i o n  numbers Z^^ and Z^q, from w hich th e  quenching  
c r o s s  s e c t i o n s  and Q^q may be c a l c u l a t e d ,
C, C a l c u l a t i o n  o f  th e  C ross  S e c t io n s
For any c o l l i s i o n a l  p ro c e s s  where an  atom in  s t a t e  ' a '  i s
t r a n s f e r r e d  t o  a n o th e r  s t a t e  ' b ' ,  t h e  c o l l i s i o n  numbers Z^^ c a n ,  by
analogy  w i th  th e  gas  k i n e t i c  c r o s s  s e c t i o n ,  be r e l a t e d  to  th e  av e ra g e
t o t a l  c r o s s  s e c t i o n  Q , :ab
h b  = < » )
w here N i s  th e  d e n s i t y  o f  ground s t a t e  atoms o r  m o le c u le s ,  and v^ i s  
th e  av e ra g e  r e l a t i v e  v e l o c i t y  o f  th e  c o l l i d i n g  p a r t n e r s ,  g iv e n  by
v^ = (8kT/rr|j,)^^^ • (56)
k  i s  th e  Boltzmann c o n s t a n t ,  T th e  a b s o lu t e  t e m p e ra tu re  and th e  
red u ce d  m ass .  E q u a t io n  ( 5 5 ) i n d i c a t e s  t h a t  a t  a c o n s ta n t  t e m p e r a tu r e ,  
th e  c o l l i s i o n  numbers Z^^ v a ry  l i n e a r l y  w i th  p r e s s u r e .
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I t  has been assumed th ro u g h  th e  d i s c u s s i o n  i n  S e c t io n s  A 
and B t h a t  e f f e c t s  due to  r a d i a t i o n  t r a p p in g  a re  n e g l i g i b l e .  The 
im prisonm ent o f  r a d i a t i o n ,  i f  p r e s e n t ,  would cau se  th e  a p p a re n t  l i f e ­
tim e s  o f  th e  re so n an ce  s t a t e s  i n  th e  a l k a l i  atoms to  be s i g n i f i c a n t l y  
lo n g e r  th a n  th e  'n a tu r a l*  l i f e t i m e s  and would m a n i f e s t  i t s e l f  i n  th e  
ap p ea ran ce  o f  s p u r io u s ly  l a r g e  c o l l i s i o n  c r o s s  s e c t i o n s .
The p r i n c i p l e  o f  d e t a i l e d  b a la n c in g  p r e d i c t s  t h a t  a t  a 
te m p e ra tu re  T, th e  c r o s s  s e c t i o n s  and shou ld  be i n  th e  r a t i o
Qio 80
= —  exp(-AE/kT) ( 5 7 )
121 ®1
2where g^ = 2 and g^ = 4 a r e  th e  s t a t i s t i c a l  w e ig h ts  o f  th e  and
2
P^y^ s t a t e s ,  r e s p e c t i v e l y ,  and AE i s  th e  energy  d e f e c t  between them. 
E x p e r im en ta l  agreem ent w i th  t h e  above p r e d i c t e d  r a t i o  s e r v e s  a s  a 
good check  on th e  e x p e r im e n ta l  r e s u l t s .
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I I I .  DESCRIPTION OF THE APPARATUS
A schem a tic  d iagram  o f  th e  a p p a r a tu s  i s  shown i n  F ig ,  3*
The a l k a l i  r e so n an ce  d o u b le t ,  e m i t te d  by a r a d i o  f req u en cy  l i g h t  
s o u rc e ,  was r e s o lv e d  by a g r a t i n g  monochromator i n  s e r i e s  w i th  one 
o r  two i n t e r f e r e n c e  f i l t e r s .  The m onochrom atic beam was th e n  b rough t 
t o  focus  i n  a f lu o r e s c e n c e  c e l l  which c o n ta in e d  th e  atoms and m ole­
c u l e s ,  th e  c o l l i s i o n s  betw een w hich were to  be s tu d i e d .  The r e s u l t ­
in g  f l u o r e s c e n c e ,  ob se rv ed  a t  r i g h t  a n g le s  t o  th e  d i r e c t i o n  o f  th e  
i n c i d e n t  beam, was r e s o lv e d  in t o  th e  two components o f  th e  re so n an ce  
d o u b le t  by e i t h e r  t h r e e  o r  fo u r  i n t e r f e r e n c e  f i l t e r s  i n  s e r i e s ,  and 
was fo cu ssed  on th e  p h o to c a th o d e  o f  a l i q u i d - a i r - c o o l e d  p h o t o m u l t i p l i e r  
whose o u tp u t  was r e g i s t e r e d  by one o f  two m ethods . The p h o t o m u l t i p l i e r  
p u l s e s  w ere e i t h e r  i n t e g r a t e d  and a m p l i f i e d  by an e l e c t r o m e te r  
a m p l i f i e r  whose v o l t a g e  o u tp u t  was fed  to  a s t r i p  c h a r t  r e c o r d e r ,  o r  
th e  p u l s e s  were coun ted  by a c o u n t in g  t r a i n  c o n s i s t i n g  o f  an a m p l i f i e r ,  
d i s c r i m i n a t o r  and s c a l e r .  When employing th e  p u ls e - c o u n t in g  method 
w h ich ,  on th e  w ho le ,  was p r e f e r r e d ,  a n e u t r a l  d e n s i t y  f i l t e r  was 
i n s e r t e d  i n t o  th e  o u tp u t  beam to  a t t e n u a t e  th e  re so n an ce  f lu o r e s c e n c e  
and p re v e n t  th e  s c a l e r  from o v e r lo a d in g ,
A d e t a i l e d  d e s c r i p t i o n  o f  th e  l i g h t  so u rce  h as  been  g iv e n  
e lse w h e re  (A tk in so n ,  Chapman and K rause I 9 65 )# The lamp c o n s i s t e d  
o f  a t a p e r e d  py rex  tu b e  w hich c o n ta in e d  abou t , 5 g o f  d i s t i l l e d  
a l k a l i  m e ta l  ( e i t h e r  p o ta ss iu m  o r  rub id ium ) in  th e  ta p e r e d  e n d ,  and
20
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a b o u t  1, 5  t o r r  o f  a rg o n  w hich a c te d  a s  a c a r r i e r  g a s .  The tu b e  was 
p la c e d  in  th e  ta n k  c o i l  o f  an r f  o s c i l l a t o r  o p e r a t in g  a t  60 MHz, w i th  
th e  t a p e r e d  p o r t i o n  e x te n d in g  down in t o  a w ire  wound h e a t e r  c o i l  
w hich was co n n ec ted  th ro u g h  a v a r i a c  t o  a v o l t a g e - s t a b i l i z e d  power 
l i n e .  The te m p e ra tu re  o f  th e  base  o f  th e  lamp, which c o n t r o l l e d  
th e  c o n c e n t r a t i o n  o f  a l k a l i  v a p o u r ,  was a d j u s t e d  u n t i l  th e  i n t e n s i t i e s  
o f  th e  e m i t te d  re so n an ce  l i n e s  were l a r g e  and s t a b l e .
A Bausch and Lomb monochromator was used i n  c o n ju n c t io n  
w i th  S p e c t ro la b  o r  S h o t t  i n t e r f e r e n c e  f i l t e r s  to  s e l e c t  one o f  th e  
p o ta ss iu m  o r  rub id ium  re so n a n c e  components from th e  r f  d i s c h a r g e .
The monochromator c o n ta in e d  a 1200 line/m m g r a t i n g  b la z e d  a t  Y$00 & 
in  th e  f i r s t  o rd e r  and had an a p e r t u r e  o f  f / 4 . 4 ,  a f o c a l  l e n g th  o f  
500 mm and a r e c i p r o c a l  d i s p e r s i o n  o f  16 X/mm i n  th e  f i r s t  o r d e r .
With th e  e n t r a n c e  and e x i t  s l i t s  s e t  a t  I . 5 nun wide and 12 mm h ig h ,  
th e  p o ta ss iu m  and ru b id iu m  d o u b le t s  were r e s o lv e d  w i th  a s p e c t r a l  
p u r i t y  o f  one p a r t  i n  2 ,0 0 0  and ,  w i th  th e  a d d i t i o n  o f  one i n t e r ­
f e r e n c e  f i l t e r ,  th e  e x c i t i n g  beam had a s p e c t r a l  p u r i t y  b e t t e r  th a n  
one p a r t  i n  10^, The f l u o r e s c e n t  l i g h t ,  how ever, was r e s o lv e d  on ly  
by i n t e r f e r e n c e  f i l t e r s .  I n  th e  o b s e r v a t i o n  o f  s e n s i t i z e d  f lu o r e s c e n c e  
in  rub id ium  a r i s i n g  from c o l l i s i o n s  w i th  e x c i t e d  p o ta ss iu m  a tom s, 
four blocked rubidium interference filters were used. Although the
rub id ium  f lu o r e s c e n c e  was e a s i l y  r e s o lv e d  ( s p e c t r a l  p u r i t y  o f  a t  
l e a s t  one p a r t  i n  10 ^ ^ ) ,  i t  was found t h a t  t h e r e  was a p p r e c ia b le  
le ak ag e  o f  p o ta ss iu m  re so n a n c e  r a d i a t i o n  th ro u g h  th e  ru b id iu m  f i l t e r s .  
S in ce  th e  t r a n s m is s io n s  o f  unwanted l i n e s  a r e  d i f f i c u l t  t o  m easure  in  
s i t u ,  an  e s t i m a t e  o f  th e  amount o f  p o ta ss iu m  le ak ag e  was o b ta in e d  by
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a s u b s i d i a r y  experim en t i n  which a p a r a l l e l  p o ta ss iu m  l i g h t  beam,
8monochrom atic to  one p a r t  i n  10 , was p as se d  th ro u g h  th e  rub id ium  
f i l t e r s .  The t r a n s m is s io n  o f  th e  p o ta ss iu m  7^99 ^  component th ro u g h  
th e  fo u r  rub id ium  7800 X f i l t e r s  mounted i n  s e r i e s ,  w hich was by f a r  
th e  l a r g e s t ,  was m easured to  be ab o u t  10 A l l  f i l t e r  t r a n s m is s io n s  
o f  th e  wanted l i n e s  were m easured i n  s i t u .
The d e s ig n  o f  t h e  f lu o r e s c e n c e  c e l l  i s  shown i n  F ig .  4 .  
R e a b s o rp t io n  o f  bo th  th e  e x c i t i n g  l i g h t  and th e  f l u o r e s c e n t  r a d i a t i o n  
was m inim ized  by p o s i t i o n i n g  th e  image o f  th e  monochromator s l i t  in  
t h e  c o r n e r  formed by th e  e n t r a n c e  and o b s e r v a t io n  windows. S ince  a 
cone o f  l i g h t  a c t u a l l y  e n t e r s  th e  c e l l ,  i t  i s  no t p o s s i b l e  to  p o s i t i o n  
th e  image r i g h t  a g a i n s t  th e  e x i t  window w i th o u t  s c a t t e r i n g  some o f  
th e  i n c i d e n t  l i g h t .  The image o f  th e  monochromator s l i t ,  w hich was 
h a l f  th e  s i z e  o f  th e  a c t u a l  s l i t ,  was c e n te r e d  behind  th e  e x i t  
window a t  a d i s t a n c e  o f  1 .1  mm. With th e  image in  t h i s  p o s i t i o n ,  th e  
s c a t t e r e d  l i g h t ,  which was f u r t h e r  reduced  by c o a t in g  th e  c e l l  w i th  
aquadag (a c o l l o i d a l  d i s p e r s i o n  o f  g r a p h i t e ) ,  was found to  be o f  
n e g l i g i b l e  i n t e n s i t y .
The main oven w hich c o n ta in e d  th e  body o f  th e  c e l l ,  
c o n s i s t e d  o f  an o u te r  t r a n s i t e  box and an in n e r  aluminum box. Chrome1 
A heating wire was wound around the outside o f  the aluminum box to 
e l im i n a t e  glow from th e  h e a t e r ,  and was i n s u l a t e d  from th e  aluminum 
by s e v e r a l  s h e e t s  o f  a s b e s to s  p a p e r .  G la s s  w ool, s t u f f e d  between th e  
aluminum and t r a n s i t e  w a l l s  f u r t h e r  i n s u l a t e d  th e  oven from th e  o u t ­
s i d e ,  Windows a t  each end o f  t h e  oven p ro v id e d  a means o f  a d m i t t in g  
and v iew ing  th e  i n c i d e n t  l i g h t  and a t h i r d  window, s i t u a t e d  on th e
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F ig ,  4 .  The f lu o r e s c e n c e  c e l l  w i th  th e  ra y  d iagram  o f  th e  scheme 
used  in  th e  d e t e r m in a t io n s  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s .  A, e n t r a n c e  
window; B, e x i t  window; C, v iew ing  window; D, s id e  arm.
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f r o n t  w a l l  f a c in g  th e  d e t e c t i o n  equ ipm ent,  p ro v id e d  an e x i t  f o r  th e  
f l u o r e s c e n t  l i g h t .  The te m p e ra tu re  o f  th e  m ain  oven was k e p t  c o n s ta n t  
t o  w i t h i n  +  2°C by c o n n e c t in g  th e  h e a t e r  w i r e s  th ro u g h  a V a r ia c  a u t o ­
t r a n s f o r m e r  t o  a r e g u la t e d  power l i n e .
The s id e  arm o f  th e  c e l l ,  w hich was a p p ro x im a te ly  4 cm 
long  and 12 mm w id e ,  c o n ta in e d  th e  l i q u i d  a l k a l i  m e ta l .  S ince  th e  
te m p e ra tu re  o f  th e  s id e  arm d e te rm in e d  th e  vapour  d e n s i t y  i n  th e  main 
body o f  th e  c e l l  (Hoffmann 1962), a c c u r a te  te m p e ra tu re  c o n t r o l  was 
e s s e n t i a l .  T h is  was accom plished  by c o n n e c t in g  th e  s id e  oven , w hich 
c o n s i s t e d  o f  a b r a s s  c y l i n d e r  snug ly  f i t t i n g  th e  s id e  arm, to  one o f  
two ty p e s  o f  te m p e ra tu re  c o n t r o l l e r s .  For ex p e r im e n ts  in v o lv in g  th e  
K -  Rb sy s tem , where i t  was n e c e s s a ry  to  v a ry  th e  a l k a l i  vapour 
d e n s i t y ,  r e s i s t a n c e  w ire  was wound around th e  b r a s s  c y l i n d e r  and 
connec ted  to  a t h e r m i s t o r - c o n t r o l l e d  te m p e ra tu re  c o n t r o l l e r  p e r m i t t i n g  
r a p id  changes  i n  th e  te m p e ra tu re  (Chapman I 9 6 5 ) ,  However, i n  th e  
s tu d y  o f  R b -m olecu la r  g as  system s where t h e  s id e  arm te m p e ra tu re  was 
k e p t  c o n s ta n t  (4 0 °C ) , w a te r  was c i r c u l a t e d  from a J e n a  U l t r a t h e r m o s ta t  
th ro u g h  copper  c o i l s  mounted i n  p la c e  o f  th e  h e a t e r  w i r e .  I n  b o th  
c a s e s ,  th e  t e m p e ra tu re  was s t a b i l i z e d  to  w i t h i n  + .2°C , A l l  te m p era ­
t u r e s  w ere m easured w ith  c o p p e r - c o n s t a n ta n  the rm ocoup les  w hich were 
lo c a te d  on th e  main body and on th e  s id e  arm o f  the  f lu o r e s c e n c e  c e l l .  
The c e l l  was connec ted  to  th e  vacuum system  o r  gas  f i l l i n g  
system  by a c a p i l l a r y ,  ,23 cm in  d ia m e te r ,  w hich was sm a ll  enough to  
p re v e n t  m i g r a t i o n  o f  th e  a l k a l i  vapour from th e  c e l l  y e t  l a r g e  enough 
t o  avo id  c o r r e c t i o n s  o f  th e  m easured gas  p r e s s u r e s  f o r  m o le c u la r  
t r a n s p i r a t i o n .  An Edwards model EO-2 d i f f u s i o n  pump f i l l e d  w i th  Dow
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C orn ing  704 pumping f l u i d  and backed by a model ISC5OB r o t a r y  pump, 
was used to  e v a c u a te  th e  g l a s s  sy s tem . The system , which a l s o  in c lu d e d  
a l i q u i d  a i r  t r a p ,  was c a p a b le  o f  m a in ta in in g  a vacuum o f  b e t t e r  th a n  
10 t o r r  a s  m easured by a GIC-llOB CVC i o n i z a t i o n  gauge which 
u t i l i z e d  a GIC-OI5 gauge head .  A l l  m o le c u la r  g as  p r e s s u r e s  were 
f i r s t  m easured a p p ro x im a te ly  by a LKB 3294B au to v ac  gauge and th e n  
m easured a c c u r a t e l y  w i th  a CVC McLeod Gauge o f  ty p e  GM-IOOA connec ted  
to  a co ld  t r a p  w hich was co o led  by d ry  ic e  immersed in  a c e to n e .
The f l u o r e s c e n t  l i g h t  em erging from th e  c e l l  was fo c u sse d  
on th e  p h o to c a th o d e  o f  a 16 s ta g e  ITT FW-118G p h o to m u l t i p l i e r  tu b e  
mounted in  a l i q u i d  a i r  c r y o s t a t .  I t s  S-1 (Ag-O-Cs) p h o to c a th o d e  
was 3 mm i n  d ia m e te r  and had a peak s e n s i t i v i t y  around 8000 & which 
d i f f e r e d  n e g l i g i b l y  f o r  th e  K and Rb re so n a n c e  l i n e s .  A Fluke 412B 
power su p p ly  s u p p l ie d  1, 8  k i l o v o l t s  t o  th e  r e s i s t i v e  d i v i d e r  c h a in  
w hich d i s t r i b u t e d  abou t 80 v o l t s  p e r  dynode o f  th e  p h o t o m u l t i p l i e r .
The s ig n a l  from th e  tu b e  was a p p l i e d  e i t h e r  t o  a V ic to re e n  VTE-2 
e l e c t r o m e te r  co n n ec ted  to  a P h i l i p s  (PR2216A) s t r i p  c h a r t  r e c o r d e r  
o r  t o  a P h i l i p s  c o u n t in g  t r a i n  c o n s i s t i n g  o f  a p r e a m p l i f i e r  (PW4270) 
and s c a l e r  (PW4231 ) «
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IV. EXPERIMENTAL PROCEDURE
The f lu o r e s c e n c e  c e l l  was a t t a c h e d  to  th e  vacuum system  
th ro u g h  b o th  th e  s id e  arm and c a p i l l a r y  and was th e n  o u tg a s se d  f o r  
s e v e r a l  days  a t  abou t 1$0°C a t  a vacuum o f  b e t t e r  th a n  10 mm Hg, 
Ampoules c o n ta in in g  p o ta ss iu m  o f  99»95^ p u r i t y  and rub id ium  o f  99»( 
p u r i t y  ( s u p p l ie d  by th e  A. D, McKay Company o f  New York) were i n t r o ­
duced in t o  an e x t e n s io n  o f  th e  s id e  arm, b roken  under vacuum and 
d i s t i l l e d  i n t o  th e  s id e  arm w hich was th e n  s e a le d  o f f .  I n  p r e p a r a t i o n  
o f  th e  K -  Rb m ix tu r e ,  abou t ,5  g o f  each  m e ta l  was d i s t i l l e d  i n t o  
th e  s id e  arm. The s id e  arm was s u b s e q u e n t ly  h e a te d  and co o led  u n t i l  
a u n ifo rm  m ix tu re  was form ed. I n  th e  s tu d y  o f  Rb -  m o le c u la r  g as  
sy s te m s ,  ,5  g o f  rub id ium  m e ta l  was d i s t i l l e d  i n t o  th e  s id e  arm. The 
g a s e s  were a d m it te d  to  th e  f lu o r e s c e n c e  c e l l  th ro u g h  th e  c a p i l l a r y .
The c a l c u l a t i o n s  o f  th e  v a r io u s  c r o s s  s e c t i o n s  f o r  
th e  p ro c e s s e s  w hich o ccu r  i n  th e  K -  Rb vapour  m ix tu re  r e q u i r e  an 
a c c u r a t e  knowledge o f  th e  p a r t i a l  p r e s s u r e s  o f  th e  a l k a l i  v apou rs  
o v e r  th e  e x p e r im e n ta l  ran g e  o f  t e m p e r a tu r e s .  S p e c i f i c a l l y ,  f o r  th e  
p r o c e s s e s  c o n s id e re d  h e r e ,  th e  p a r t i a l  p r e s s u r e  o f  ru b id iu m  i s  
r e q u i r e d .  I t  has  been  shown (Rozwadowski and L ipw orth  1966) t h a t  th e  
u s u a l  vapour p r e s s u r e - t e m p e r a tu r e  fo rm u lae  f o r  a one-component system  
a r e  no t a p p l i c a b l e  to  a two-component sy s tem . T his  was confirm ed  by 
C zajkow sk i,  M c G il l i s  and K rause (1966b) who f u r t h e r  v e r i f i e d  S e iw e r t ’ s 
( 1956) c o n t e n t io n  t h a t  th e  p a r t i a l  p r e s s u r e  o f  one component in  th e
27
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s a t u r a t e d  vapour  m ix tu re  depended on th e  co m p o s i t io n  o f  th e  m ix tu re  
and cou ld  be r e p r e s e n t e d  by th e  e x p r e s s io n
Pq (58)
where i s  th e  p a r t i a l  p r e s s u r e  o f  one a l k a l i  m e ta l  i n  th e  m ix tu r e ,
P^ i s  th e  vapour p r e s s u r e  o f  th e  p u re  m e ta l  a t  th e  same te m p e ra tu re  
and i s  i t s  mole f r a c t i o n  ( r a t i o  o f  th e  number o f  gram-atoms o f  th e  
m e ta l  to  t h e  t o t a l  number o f  gram-atoms p r e s e n t  i n  th e  m i x t u r e ) .  T h is  
i s  e f f e c t i v e l y  a r e s t a t e m e n t  o f  R a o u l t ' s  Law, I n  th e  p r e s e n t  c a s e ,  
th e  mole f r a c t i o n  may be d e f in e d  as
=  n (E b j^ + n (K )  <59)
where n(Rb) and n(K) a r e  th e  numbers o f  gram-atoms o f  rub id ium  and 
p o ta ss iu m  i n  th e  m ix tu r e ,  r e s p e c t i v e l y .
The p a r t i a l  p r e s s u r e  o f  rub id ium  vapour i n  th e  K -  Rb 
vapour m ix tu re  was d e te rm in ed  by a method shown to  be v a l i d  by 
C zajkow sk i,  M c G il l is  and K ra u s e (1 9 6 6 b ) , i n  which th e  e x t i n c t i o n  
c o e f f i c i e n t s  P were m easured over  a ran g e  o f  te m p e ra tu re s  f o r  th e  
ru b id iu m  7948 & re so n an ce  component b o th  i n  v ap o u rs  o f  p u re  rub id ium  
and i n  th e  K -  Rb vapour m ix tu r e .  T h is  method i s  d e p ic te d  in  F ig ,  4
which shows th e  i n c id e n t  beam p a s s in g  th ro u g h  th e  c e l l .  The image o f
th e  monochromator s l i t ,  w hich was reduced  to  a w id th  o f  ,0$ mm, was 
moved back and f o r t h  a long  th e  a x i s  o f  o b s e r v a t io n  by d i s p l a c i n g  th e  
le n s  Lg i n  F ig ,  3 th ro u g h  a d i s t a n c e  d = 1 mm by means o f  a m ic ro m e t r ic  
d e v ic e  p r e c i s e l y  c a l i b r a t e d  u s in g  a c a th e to m e te r .  The e x t i n c t i o n  
c o e f f i c i e n t  3 was c a l c u l a t e d  from th e  e x p r e s s io n :
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f n  I  -  f n  I
P =   2 _ --------  (60)
w here and I  a r e  th e  f l u o r e s c e n t  i n t e n s i t i e s  c o r re sp o n d in g  to  d =  0 
and d = 1 mm, r e s p e c t i v e l y .  From p l o t s  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  
a g a i n s t  t e m p e ra tu re  f o r  b o th  p u re  ru b id iu m  and rub id ium  in  th e  K -  Rb 
m ix tu r e ,  was o b ta in e d  so t h a t  e q u a t io n  ($8) cou ld  be used  t o  d e t e r ­
mine th e  p a r t i a l  p r e s s u r e s  o f  ru b id iu m  v a p o u r .  The vapour p r e s s u r e  
o f  pu re  ru b id iu m  was ta k e n  from te m p e ra tu re -v a p o u r  p r e s s u r e  d a ta  
g iv e n  by Nesmeyanov ( I 9 63 ) ,  A lthough  in  th e  c a l c u l a t i o n s  o f  th e  
c o l l i s i o n  c r o s s  s e c t i o n s  f o r  th e  p r o c e s s e s  o c c u r in g  i n  th e  R b-m olecu la r  
g a s  sy s tem s ,  an  e x a c t  knowledge o f  th e  rub id ium  vapour d e n s i t y  i s  n o t  
r e q u i r e d ;  how ever, th e  vapour d e n s i t y  m ust be k e p t  low to  avo id  
im prisonm ent o f  r a d i a t i o n .  T h is  was ach iev ed  by m a in ta in in g  th e  s id e  
arm a t  , which c o r re s p o n d s  to  a rub id ium  vapour d e n s i t y  much low er
th a n  t h a t  a t  w hich r a d i a t i o n  im prisonm ent becomes a p p r e c ia b le  f o r  t h i s  
ty p e  o f  geom etry  (Rae and K rause  I 9 6 5 ) .
The fo l lo w in g  g a s e s  were u se d :  (99 .9995^  p u r i t y ) ,
*2 (9 9 .9 9 9 < ) ,  CH^ ( 9 9 .9 9 # ) ,  ( 9 9 .9 8 # ) ,  ( 9 9 .9 # ) ,  Dg (>9 9 .$#
i s o t o p i c  p u r i t y ) ,  a l l  s u p p l ie d  by M atheson o f  Canada, L t d , ,  W hitby, 
O n ta r io ,  and HD (^9 8 , 38# i s o t o p i c  p u r i t y )  and CD^ (^96 ,97#)  s u p p l ie d  
by Merck, Sharp and Dohme o f  Canada, Ltd,, Montreal, Quebec, Chemi­
c a l l y  a c t i v e  im p u r i t i e s  were removed from th e  g a se s  by a l lo w in g  them 
to  rem ain  f o r  a few days i n  a ru b id iu m -c o a te d  g l a s s  bu lb  which was 
h e a te d  to  ab o u t 100°C, B efo re  be ing  a d m it te d  in t o  th e  f lu o r e s c e n c e  
c e l l ,  th e  g a s e s  w ere p as se d  th ro u g h  a l i q u i d - a i r  co o led  t r a p  to  
remove any ru b id iu m  vapour  c a r r i e d  by th e  g a s .
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The McLeod gauge gas  p r e s s u r e  m easurem ents were not 
c o r r e c t e d  f o r  m o le c u la r  t r a n s p i r a t i o n  which o c c u rs  i n  th e  c a p i l l a r y  
c o n n e c t in g  t h e  f lu o r e s c e n c e  c e l l  to  th e  r e s t  o f  th e  gas  system  when 
th e  mean f r e e  p a th s  o f  th e  g as  m o lecu le s  a r e  l a r g e r  th a n  th e  d ia m e te r  
o f  th e  c a p i l l a r y  (Dushman and L a f f e r t y  1962) s in c e  o n ly  th o s e  p o in t s  
ta k e n  a t  v e ry  low gas  p r e s s u r e s  ( u s u a l l y  below 0 ,05  Hg) a re  a f f e c t e d .  
A lso ,  over th e  range  o f  e x p e r im e n ta l  p r e s s u r e s  u se d ,  e r r o r s  a r i s i n g  
from th e  s tre a m in g  o f  m ercury  vapour tow ards  th e  c o ld  t r a p  cou ld  be 
n e g le c te d  (Bennewitz and Dohmann I 9 65 ) .
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V. SENSITIZED FLUORESCENCE IN K -  Rb VAPOUR MIXTURES
A, The E x t i n c t i o n  C o e f f i c i e n t s
P l o t s  o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  f o r  th e  7948 & 
ru b id iu m  component a g a i n s t  te m p e ra tu re  f o r  b o th  pu re  rub id ium  and f o r  
th e  K -  Rb m ix tu re  a r e  shown in  F ig ,  5* (A l l  th e  e x p e r im e n ta l  v a lu e s  
o f  th e  e x t i n c t i o n  c o e f f i c i e n t s  a r e  l i s t e d  i n  Appendix A.) Because 
th e  e x t i n c t i o n  c o e f f i c i e n t s  a r e  f u n c t io n s  o f  th e  d e n s i t y  o f  th e  
rub id ium  atoms i n  th e  v a p o u r ,  t h e r e f o r e  f o r  any s p e c i f i c  te m p e ra tu re  
o f  th e  m ix tu re  th e  c o r re s p o n d in g  te m p e ra tu re  (and hence th e  vapour 
p r e s s u r e )  o f  p u re  rub id ium  can  be re a d  o f f  th e  p l o t s .  I n  t h i s  way i t  
was p o s s i b l e  t o  d e te rm in e  th e  p a r t i a l  p r e s s u r e s  o f  th e  ru b id iu m  in  
th e  K -  Rb m ix tu r e .  The r a t i o  o f  th e  p a r t i a l  p r e s s u r e  o f  rub id ium  
i n  th e  m ix tu re  a t  a p a r t i c u l a r  t e m p e ra tu re  to  th e  vapour p r e s s u r e  o f  
p u re  rub id ium  a t  th e  same te m p e ra tu re  y i e ld e d  , th e  mole f r a c t i o n  
o f  rub id ium  i n  th e  m i x tu r e .  I t  was found t h a t ,  over th e  te m p e ra tu re  
ran g e  shown i n  F ig ,  5 , y^ = 0 ,3 7  + 0 ,0 1 ,  where 0 ,01  i s  th e  mean 
d e v i a t i o n .  S u b s t i t u t i o n  o f  t h i s  v a lu e  i n  e q u a t io n  ( 58 ) y i e ld e d
=  0 ,3 7  P g , w hich was u sed  to  d e te rm in e  th e  p a r t i a l  p r e s s u r e  o f  th e  
rubidium vapour.
The e x t i n c t i o n  c o e f f i c i e n t s  o f  th e  m ix tu re  were a l s o  
m easured f o r  th e  7800 X ru b id iu m  component as  w e l l  as  f o r  b o th  
components o f  t h e  p o ta ss iu m  re so n a n c e  d o u b le t .  On th e  b a s i s  o f  th e s e  
m easurem en ts ,  e q ,  (60) was u t i l i z e d  to  c o r r e c t  f o r  th e  a t t e n u a t i o n
31









































°  2 
0) • M S 
P P  



















R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
33
o f  th e  f l u o r e s c e n t  i n t e n s i t i e s  w hich was due to  r e a b s o r p t i o n  o f  th e  
f lu o r e s c e n c e  as  i t  t r a v e r s e d  th e  d i s t a n c e  o f  1 .1  mm i n  th e  v a p o u r .  
These c o r r e c t i o n s  to  th e  observed  i n t e n s i t y  r a t i o s  amounted to  as  
much a s  17^  when th e  7800 & component was observed  in  s e n s i t i z e d  
f l u o r e s c e n c e ,  and to  a t  most 10^ f o r  th e  7948 & com ponent. When 
e i t h e r  th e  7665 & o r  th e  7699 ^  component was observed  in  s e n s i t i z e d  
f l u o r e s c e n c e ,  th e  i n t e n s i t y  r a t i o s  were a d ju s t e d  by a maximum o f  3^«
B, The Cross Sections for K - Rb Collisions
(i) Energy Transfer from the Substates of Potassium
2
to the P Substates of Rubidium, Induced in Collisions with Ground
S ta t e  Rubidium Atoms
P l o t s  o f  th e  i n t e n s i t y  r a t i o s *  tlgg, , and
a g a i n s t  rub id ium  vapour p r e s s u r e  a r e  shown in  F ig s .  6 ,  7» 8 and 9»
r e s p e c t i v e l y .  As has  been o bserved  p r e v io u s l y  in  s i m i l a r  ex p e r im en ts
C zajkow sk i,  M c G il l i s  and Krause (1 9 6 6 b ) ,  th e  c u rv e s  d e p a r t  from
2
l i n e a r i t y  because  o f  changes in  th e  l i f e t i m e s  o f  th e  p o ta ss iu m  4 P 
s t a t e s  [w hich were assumed c o n s ta n t  i n  e q u a t io n s  ( 2 4 ) » (2 $ ) ,  (28) and 
(2 9 ) ] ,  caused  by th e  im prisonm ent o f  th e  p o ta ss iu m  re so n an ce  r a d i a t i o n  
w hich s e t s  in  w i th  i n c r e a s in g  d e n s i t y  o f  p o ta ss iu m  a tom s. I n  F ig s ,  6 
and 7, t h e  l i n e a r  p o r t i o n s  a r e  w e l l - d e f in e d  and th u s  th e  cross 
s e c t i o n s  and can  be c a l c u l a t e d  by th e  d i r e c t  a p p l i c a t i o n s  o f
e q u a t io n s  (2 4 ) ,  (28) and ($ $ ) ,  I n  F ig s ,  8 and 9 ,  how ever, th e  low 
i n t e n s i t y  o f  s e n s i t i z e d  f lu o r e s c e n c e  made p o s s i b l e  th e  measurement
The numerical data is listed in Appendix A,
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TEMPERATURE (D e g .C )  










PARTIAL PRESSU R E OF Rb VAPOR (K f mm Hg)
F ig ,  7* A. p l o t  o f  th e  i n t e n s i t y  r a t i o  rUpt a g a i n s t  te m p e ra tu re ,  
The s t a t i s t i c a l  e r r o r s  a r e  n e g l i g i b l e .
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o f  Ti”v a lu e s  on ly  a t  p r e s s u r e s  where r a d i a t i o n  im prisonm ent was a l r e a d y  
becoming s i g n i f i c a n t .  The fo l lo w in g  p ro c e d u re  was used  t o  c o r r e c t  
t h e s e  c u rv e s  f o r  r a d i a t i o n  t r a p p i n g .
I n  th e  ca se  o f  F ig ,  6 ,  t h e  a p p r o p r i a t e  c r o s s  s e c t i o n  can
be w r i t t e n :
^12. -  1^ r
where T]-^ 2 t r e p r e s e n t s  th e  v a lu e s  ly in g  on th e  l i n e a r  p o r t i o n  in c lu d ­
in g  th e  e x t r a p o l a t e d  r e g io n  i n d i c a t e d  by th e  dashed l i n e .  For th e  
p o i n t s  ly in g  on th e  cu rved  p o r t i o n ,  where th e  e f f e c t s  o f  r a d i a t i o n
t r a p p in g  a r e  n o t  n e g l i g i b l e ,  th e  c r o s s  s e c t i o n  may be w r i t t e n :
*
^1 2 ' “  Tj_(eff)Nv^
where th e  &re th e  i n t e n s i t y  r a t i o s  m easured in  th e  r e g io n  o f
r a d i a t i o n  im prisonm ent and T ^ (e f f )  i s  th e  e f f e c t i v e  l i f e t i m e  o f  th e  
p o ta ss iu m  4 ^ 1/2  s t a t e  a t  a p a r t i c u l a r  s id e  arm te m p e ra tu re  (Hoffmann 
and S e iw er t  I 9 6 I ) .  Because e q u a t io n s  (6 I )  and (6 2 ) a r e  assumed to  
g iv e  th e  same c r o s s  s e c t i o n  t h e r e f o r e ,  f o r  any g iv e n  te m p e ra tu re
^  ^  (63)
" 12» 1
S i m i l a r l y ,  f o r  th e  c a s e  shown in  F ig .  8 where th e  same reso n an ce  
component (7699 i s  used  f o r  e x c i t a t i o n ,  i t  fo l lo w s  t h a t
^  ^  (64)
~ 11 ' ^1
I n  t h i s  way, T ^ ( e f f )  a t  a p a r t i c u l a r  te m p e ra tu re  may be o b ta in e d  from
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*
e q .  (6 3 ) s in c e  and a r e  known. S u b s t i t u t i o n  i n t o  eq .
(6 4 ) g iv e s  , th e  c o r r e c t e d  r| v a l u e .
S ince  th e  l i n e a r  p o r t i o n  in  F ig .  7 i s  a l s o  w e l l - d e f i n e d ,  
i t  fo l lo w s  t h a t  th e  e x p r e s s io n
f e !  _  V ü î l  (6 5 )
% 2 '  ’■2
can  be so lv e d  f o r  T ^ fe f f )  a t  any p a r t i c u l a r  te m p e ra tu re  th u s  y i e l d i n g
^2 1 ' ' c o r r e c t e d  i-| v a lu e s  i n  F ig .  9*
I n  b o th  c a s e s ,  p o i n t - b y - p o i n t  c a l c u l a t i o n s  y ie ld e d  th e
c o r r e c t e d  t) v a lu e s  shown in  F ig s .  8 and 9« I n  F ig .  8 ,  no c o r r e c t i o n s
were n e c e s s a ry  f o r  th e  lower p o in t s  w hich were o b ta in e d  a t  vapour
d e n s i t i e s  where r a d i a t i o n  im prisonm ent i s  v i r t u a l l y  a b s e n t .  The
agreem ent betw een th e  r e s u l t s  o b ta in e d  a t  low p r e s s u r e s  and th o s e
y ie ld e d  by th e  above t r e a tm e n t  a t t e s t s  t o  th e  v a l i d i t y  o f  th e  m ethod.
I t  shou ld  be no ted  t h a t  i n  F ig .  7 where th e  766$ ^  component i s  used
f o r  e x c i t a t i o n ,  n o n l i n e a r i t y  o f  th e  n “P cu rv e  s e t s  i n  a t  a p o ta ss iu m
” 5p a r t i a l  p r e s s u r e  o f  a p p ro x im a te ly  O.55  x 10 mm Hg w hereas  when th e  
7699 ^  component i s  used f o r  e x c i t a t i o n  (F ig .  6 ) ,  th e  cu rv e  becomes 
n o n - l i n e a r  a t  ab o u t 1 .20  x 10 ^ mm Hg. As e x p e c te d ,  th e  p r e s s u r e s  
a t  which n o n l i n e a r i t y  s e t s  in  a r e  a p p ro x im a te ly  in  th e  r e c i p r o c a l  
r a t i o  o f  th e  r e s p e c t i v e  o s c i l l a t o r  s t r e n g t h s  o f  th e  two re so n an ce  
com ponents.
The t o t a l  c r o s s  s e c t i o n s  Q ^g,, and were
c a l c u l a t e d  from th e  s lo p e s  o f  th e  l i n e a r  p o r t i o n s  o f  th e  g ra p h s  in  
F ig s ,  6 ,  7 , 8 and 9» r e s p e c t i v e l y ,  u s in g  “  Tg “  2 .7 7  x l o ”^ s
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(Copley and K rause 1969).  The r e s u l t s  a r e  shown in  Tab le  1 t o g e t h e r  
w i th  th e  c r o s s  s e c t i o n s  quoted  by o t h e r  a u t h o r s ,
p
( i i )  Mixing o f  th e  P S u b s ta te s  o f  P o tass iu m  Induced  in  
C o l l i s i o n s  w i th  Ground S t a t e  Rubidium Atoms
P l o t s  o f  th e  i n t e n s i t y  r a t i o s *  r|j^» r |^ ' and a g a i n s t
ru b id iu m  vapour p r e s s u r e  a re  shown in  F ig .  10. As b e f o r e ,  th e  p l o t s  
o f  ri* ' a r e  l i n e a r  a t  te m p e ra tu re s  c o r re s p o n d in g  to  p o ta ss iu m  vapour 
p r e s s u r e s  low er th a n  10 ^ mm Hg and d e p a r t  from l i n e a r i t y  a t  h ig h e r  
p r e s s u r e s  where th e  im prisonm ent o f  p o ta ss iu m  r a d i a t i o n  becomes 
a p p r e c i a b l e .  The s lo p e s  o f  th e  r|* * c u r v e s ,  used  i n  c o n ju n c t io n  w i th  
e q s ,  (3 5 ) and (55)» y ie ld e d  th e  m ix ing  c r o s s  s e c t i o n s  and 
w hich a re  quo ted  in  Tab le  1. The e x p e r im e n ta l  r a t i o  was found
t o  be 1,5  + 0 ,2  w hich i s  i n  s a t i s f a c t o r y  agreem ent w i th  th e  v a lu e  o f  
1 ,6 0  c a l c u l a t e d  from e q ,  ( 5?) a t  th e  main oven te m p e ra tu re  T =  370°K.
C. D is c u s s io n  o f  th e  K -  Rb Cross S e c t io n s
The e r r o r s  quo ted  in  T ab le  1 were o b ta in e d  m a in ly  from 
c a l c u l a t i o n s  o f  th e  s t a t i s t i c a l  u n c e r t a i n t i e s  a r i s i n g  from c o u n t in g  
s t a t i s t i c s  as  w e l l  as  from e s t i m a t e s  o f  th e  somewhat l a r g e r  s y s te m a t ic  
e r r o r  in h e re n t  i n  th e  d e t e r m in a t io n  o f  th e  p a r t i a l  p r e s s u r e s  o f  
ru b id iu m  v a p o u r .  A lthough s y s te m a t ic  e r r o r s  a r e  g e n e r a l l y  d i f f i c u l t  
t o  d e te rm in e ,  i t  was e s t im a te d  t h a t  d u r in g  th e  c o u rse  o f  th e  e x p e r i ­
m e n ts ,  th e  mole f r a c t i o n  o f  th e  rub id ium  in  th e  K -  Rb m ix tu re  d id  no t
d e v i a te  by more th a n  15^. F i l t e r  t r a n s m is s io n s  f o r  th e  wanted l i n e s ,
_  ' ' ’
The n u m e rica l  d a t a  i s  l i s t e d  i n  Appendix A,
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TABLE 1
C ross  S e c t io n s  f o r  I n e l a s t i c  C o l l i s i o n s  Between 
E x c i te d  P o tass iu m  and Ground S t a t e  Rubidium Atoms
4 1
D e s ig n a t io n V alue (S)^ Source
^ 1/2 -  5 % / 2 *
40 + 8
5.3 ±  0.8  
10
T h is  I n v e s t i g a t i o n
S tacey  and Z are  (1970)
D ashevskaya e t  a l  ( I 97O) 
(T h e o r . )
Q jg.U  P3/2 ■* 5 P j / j )
27 ±  7
5.5 ±  1.2
T his  I n v e s t i g a t i o n  
S tacey  and Z are  ( I 97O)
2 .7 ±  0.6  
2.2 ±  0.5  
4
T his  I n v e s t i g a t i o n
O r n s te in  and Z are  ( 1969)
Dashevskaya e t  a l  ( I 97O) 
(T h e o r . )
1 .9  + 0 .6
2.6  + 0.5
T his  I n v e s t i g a t i o n  
O r n s t e in  and Z are  ( I 9 6 9 )
‘*12*'* ^1/2 -  ** '’3/2*
260 + 65 
<67
T his  I n v e s t i g a t i o n
Dashevskaya et al (I97O) 
( T h e o r . )
Q^;(42pi/2 -  4^23/2 ) 175 ±  50 T his  I n v e s t i g a t i o n
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
42
TEMPERATURE ( Deg. C )









PARTIAL PR ESSU R E of Rb VAPOR (lO® mm Hg)
F ig .  10. P l o t s  o f  i n t e n s i t y  r a t i o s  n and ri** a g a i n s t  p a r t i a l  
p r e s s u r e  o f  rub id ium  v a p o u r .  (*) rij^  » (A) rij^**» (0) r ^ ;  (o) Tlg**» 
The e r r o r s  a r i s i n g  from c o u n t in g  s t a t i s t i c s  a r e  too  sm a ll  t o  oe 
shown.
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which were m easured b e fo re  and a f t e r  each e x p e r im e n ta l  ru n  were found
to  be c o n s ta n t  w i th i n  2^  and th e  l i f e t i m e s  o f  th e  p o ta ss iu m  re so n an ce
s t a t e s  were a c c u r a te  to  3^ (Copley and K rause I 969 )» An a d d i t i o n a l
2e r r o r  i n  th e  c r o s s  s e c t i o n s  f o r  th e  m ixing o f  th e  p o ta ss iu m  P s t a t e s  
induced  in  c o l l i s i o n s  w i th  ground s t a t e  rub id ium  a tom s, a ro s e  because  
o f  th e  u n c e r t a i n t i e s  in  th e  c r o s s  s e c t i o n s  o b ta in e d  by Chapman and
K rause ( I 9 6 5 ) f o r  ^P m ixing  i n  p o ta ss iu m  by c o l l i s i o n s  between un­
e x c i t e d  and e x c i t e d  p o ta ss iu m  a tom s. T h is  added a 3^ u n c e r t a i n t y  to  
th e  c r o s s  s e c t i o n  and 7^ to
Table  1 shows t h a t  th e  v a lu e s  o f  t h e  c r o s s  s e c t i o n s
and , o b ta in e d  in  t h i s  i n v e s t i g a t i o n ,  ag re e  w i th i n  e x p e r im e n ta l  
e r r o r  w i th  th o s e  d e te rm in ed  in d e p e n d e n t ly  by O r n s te in  and Z are  ( I 9 69 ) 
who used an  e n t i r e l y  d i f f e r e n t  te c h n iq u e  f o r  th e  measurement o f  th e  
p a r t i a l  p r e s s u r e  o f  rub id ium  v ap o u r .  The f a c t  t h a t  d i f f e r e n t  f l u o r ­
e scen c e  c e l l s  were used  in  th e  two d e t e r m in a t io n s  s u g g e s ts  t h a t  any 
a n i s o t r o p y  o f  th e  s e n s i t i z e d  f lu o r e s c e n c e  o f  ru b id iu m , which m igh t 
o c c u r  when th e  rub id ium  r a d i a t i o n  i s  t r a p p e d ,  cou ld  n o t  have had a 
s e r io u s  e f f e c t  on th e  r e s u l t s .  The v a lu e s  quo ted  by S tacey  and Zare 
(1970) f o r  th e  c r o s s  s e c t i o n s  and do n o t  a g re e  w i th  th e
v a lu e s  d e te rm in e d  i n  t h i s  l a b o r a t o r y .  D is c u s s io n s  w i th  th e  a u th o r s  
have th u s  f a r  n o t  y ie ld e d  a s a t i s f a c t o r y  e x p la n a t io n  f o r  th e  d i s ­
c re p a n c y ,  Both ex p e r im e n ts  e n c o u n te re d  d i f f i c u l t i e s  w i th  le ak ag e  o f  
t h e  p o ta ss iu m  f lu o r e s c e n c e  th ro u g h  th e  rub id ium  7ÔOO & f i l t e r s ,
S tacey  and Zare (1970) c ircu m v en ted  t h i s  d i f f i c u l t y  by u s in g  a 
p o ta ss iu m  a b s o r p t i o n  c e l l  i n  s e r i e s  w i th  two o r  t h r e e  rub id ium  i n t e r ­
f e r e n c e  f i l t e r s  to  f i l t e r  o u t  th e  p o ta ss iu m  r a d i a t i o n  w hereas  i n  t h i s
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ex p e r im e n t ,  fo u r  b locked  rub id ium  i n t e r f e r e n c e  f i l t e r s  r e s o lv e d  th e
s e n s i t i z e d  f lu o r e s c e n c e .  A lthough  p o ta ss iu m  le ak ag e  i n c r e a s e s  th e
v a lu e s  o f  th e  observed  i n t e n s i t y  r a t i o s ,  i t  does no t  a l t e r  th e  s lo p e s
o f  th e  1^ -P p l o t s  from which th e  c r o s s  s e c t i o n s  were o b ta in e d ,  bu t
a p p e a rs  a s  a p o s i t i v e  i n t e r c e p t .  A l l  such i n t e r c e p t s  were s u b t r a c t e d
from th e  o bserved  i n t e n s i t y  r a t i o s  t o  g iv e  th e  a c t u a l  t) v a l u e s ,
A v a lu e  o f  3 .2  o b ta in e d  by Thangara j (1948) f o r  th e
2o v e r a l l  c r o s s  s e c t i o n  f o r  e x c i t a t i o n  t r a n s f e r  from th e  4 P re so n an ce
2
s t a t e  o f  p o ta ss iu m  to  th e  5 P s t a t e  i n  ru b id iu m , i s  n o t  l i s t e d  in  
T able 1 s in c e  a m e an in g fu l  com parison  w i th  any p a r t i c u l a r  v a lu e  found 
i n  t h i s  i n v e s t i g a t i o n  i s  no t  p o s s i b l e ,  Thangara j worked a t  vapour 
p r e s s u r e s  i n  th e  neighbourhood o f  0 ,1  mm Hg where th e  e x c i t i n g  l i g h t  
i s  c o m p le te ly  abso rbed  by th e  s u r f a c e  l a y e r  o f  atoms i n  th e  f l u o r e s ­
cence c e l l .  Under th e s e  c o n d i t i o n s ,  th e  secondary  c o l l i s i o n a l  p r o ­
c e s s e s  which were deemed n e g l i g i b l e  h e re  m igh t assume a much g r e a t e r  
im p o r tan ce .
Table  1 a l s o  compares th e  e x p e r im e n ta l  r e s u l t s  w i th  th e  
t h e o r e t i c a l  v a lu e s  c a l c u l a t e d  by Dashevskaya e t  a l  (1970) who showed 
t h a t  a d i p o l e - d i p o l e  i n t e r a c t i o n  which i s  r e s p o n s ib l e  f o r  c o l l i s i o n a l  
e x c i t a t i o n  t r a n s f e r  between i d e n t i c a l  a l k a l i  atoms i s  n o t  s u f f i c i e n t
to explain the magnitudes o£ the cross sections observed in collisions
w ith  d i s s i m i l a r  a l k a l i  p a r t n e r s .  The a u th o r s  s u g g e s t  t h a t  exchange 
i n t e r a c t i o n s  which come in t o  p la y  a s  th e  in t e r a to m ic  d i s t a n c e  betw een 
c o l l i d i n g  p a r t n e r s  d e c r e a s e s ,  must be ta k e n  in t o  a c c o u n t .  T h is  th e o ry  
r e p r e s e n t s  a d i s t i n c t  advance o v er  p r e v io u s  a t t e m p ts  in  p r e d i c t i n g  
s i m i l a r  e x p e r im e n ta l  c r o s s  s e c t i o n s .  I t  shou ld  be m en tioned  t h a t  th e
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d is c r e p a n c y  between th e  e x p e r im e n ta l  and t h e o r e t i c a l  v a lu e s  f o r  th e
2 2
c r o s s  s e c t i o n  ^  ^3/2^ th e  same o r d e r  o f  m agnitude
as  th e  d is c re p a n c y  between th e  e x p e r im e n ta l  and t h e o r e t i c a l  c r o s s  
s e c t i o n s  f o r  th e  ana logous  p ro c e s s  induced  in  c o l l i s i o n s  between 
i d e n t i c a l  p a r t n e r s ,  such a s  K -  K, Rb -  Rb and Cs -  Cs (D ashevskaya, 
V oron in  and N i k i t i n  I 9 69 ) .
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V I. SENSITIZED FLUORESCENCE AND QUENCHING INDUCED IN 
COLLISIONS OF RUBIDIUM ATOMS WITH MOLECULES
A. The E x p e r im en ta l  R e s u l t s
The e x p e r im e n ta l ly  d e te rm in ed  i n t e n s i t y  r a t i o s  and 
a r e  p l o t t e d  a g a i n s t  th e  p r e s s u r e s  o f  v a r io u s  g a se s  i n  F ig s .  11, 12,
13 and 14 . (The n u m e rica l  d a ta  i s  p r e s e n te d  in  Appendix B.) F ig ,  12 
shows th e  i n t e n s i t y  r a t i o s  f o r  H^, HD and D^ o b ta in e d  a t  low p r e s s u r e s  
a t  w hich quenching  e f f e c t s  a r e  n e g l i g i b l e  and where th e  c o l l i s i o n  
numbers Z^^ and Z^^ can  be o b ta in e d  d i r e c t l y  from e q s ,  ( 5 I )  and ( 5 2 ) 
by c a l c u l a t i o n  o f  th e  te rm s D and A, r e s p e c t i v e l y ,  u s in g  = 2 .8 1  x 
10 ^  s and Tg = 2 , ? 0  x 10 ® s (L ink  I 9 66 ) ,  D and A a r e  p l o t t e d  
a g a i n s t  HD p r e s s u r e  i n  F ig ,  I 5 w hich i s  r e p r e s e n t a t i v e  o f  a l l  th e  
c a s e s  where th e  m ixing  c r o s s  s e c t i o n s  a r e  much l a r g e r  th a n  th e  quench­
ing  c r o s s  s e c t i o n s .  I t  may be seen  t h a t  a t  low p r e s s u r e s  Z^^ = D and 
— A and th u s  th e  m ixing  c r o s s  s e c t i o n s  can  be o b ta in e d  from th e  
s lo p e s  o f  th e  Z-P p l o t s  used  in  c o n ju n c t io n  w i th  eq ,  (55)* At h ig h e r  
p r e s s u r e s ,  th e  d i f f e r e n c e s  = Z^^ -  A and = Z^^ -  D a t  each 
e x p e r im e n ta l  p o in t  were s u b s t i t u t e d  in t o  e q s ,  (5 3 ) and (5 4 )» y i e l d i n g  
th e  c o l l i s i o n  numbers Z^^ and Z^g, The r e s u l t i n g  p l o t s  o f  Z^^ and Z^q 
a g a i n s t  HD p r e s s u r e  a r e  l i n e a r  and t h e i r  s l o p e s ,  as  b e f o r e ,  gave th e  
c o r re s p o n d in g  c r o s s  s e c t i o n s  and Q^q,
I n  th e  c a s e  o f  th e  s a t u r a t e d  h y d ro ca rb o n s  CH^, CD^ and 
CgH^, p l o t s  o f  A and D a g a i n s t  g as  p r e s s u r e s  show n e g l i g i b l e  d e p a r t u r e s
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GAS PRESSURE (mm Hg)
F ig .  14. P l o t s  o f  i n t e n s i t y  r a t i o s  and Tjg a g a i n s t  and 
gas  p r e s s u r e s .






0 2 3 4
HD PRESSURE (mm Hg)
F ig .  15 . P l o t s  o f  c o l l i s i o n  numbers Z .g ,  Z L . , Z. , Z 
c o e f f i c i e n t s  A and D a g a i n s t  HD p r e s s u r e ,  Tne dashed l i n e s  Z,
and th e
'IP ^pi
a r e  e x t r a p o l a t i o n s  o f  th e  s t r a i g h t  l i n e s  o b ta in e d  f o r  A and D a t  low 
g a s  p r e s s u r e s  where quench ing  i s  n e g l i g i b l e  (Zg^ “  A, “  d ) .12
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from  l i n e a r i t y  i n d i c a t i n g  t h a t  quenching  i s  i n s i g n i f i c a n t  compared 
w i th  th e  c o l l i s i o n a l  m ixing  p r o c e s s .  The o p p o s i te  i s  t r u e ,  however, 
w i th  and a s  i s  shown f o r  i n  F ig .  16, I n  th e s e  c a s e s ,
quenching  e f f e c t s  became n o t i c e a b l e  a t  gas  p r e s s u r e s  a s  low a s  0 ,2 5  
mm Hg f o r  and 0 ,1 5  "im Hg f o r  CgH^,
The c r o s s  s e c t i o n s  f o r  c o l l i s i o n a l  m ixing  and quen ch in g ,  
which were c a l c u l a t e d  by a l e a s t - s q u a r e s  a n a l y s i s  o f  th e  Z-P p l o t s ,  
a r e  summarized in  T ab le  2 ,
B, D is c u s s io n  o f  th e  R e s u l t s
The s t a t i s t i c a l  u n c e r t a i n t i e s  i n  th e  m ix ing  c r o s s  s e c t i o n s  
were n e g l i g i b l e  i n  a l l  c a s e s .  U n c e r t a i n t i e s  i n  th e  f i l t e r  t r a n s m is s ­
io n s  and in  th e  l i f e t i m e s  o f  th e  ru b id iu m  reso n an ce  s t a t e s  added 
ab o u t  2^ each  to  th e  e r r o r  and th e  p r e s s u r e s  re a d  o f f  th e  McLeod 
gauge were e s t im a te d  a c c u r a t e  to  w i t h i n  The combined e r r o r s  a r e
n o t  ex p ec ted  to  exceed  + 10^,
The quenching  c r o s s  s e c t i o n s ,  w hich a r e  re g a rd e d  a s  be ing  
o f  secondary  im p o r ta n c e ,  a r e  no t  n e a r ly  a s  a c c u r a t e .  I n  th e  c a s e s  o f  
CgH^ and where s t a t i s t i c a l  u n c e r t a i n t i e s  a r e  sm all  compared to  
o t h e r  so u rc e s  o f  e r r o r  such a s  th e  u n c e r t a i n t y  i n  th e  c o r re s p o n d in g  
m ix ing  c r o s s  s e c t i o n s ,  th e  e r r o r  i s  e s t im a te d  a t  + 2 0 ^ ,  For th e  o th e r  
m o le c u le s ,  e s p e c i a l l y  th e  s a t u r a t e d  h y d ro ca rb o n s  where quenching  
e f f e c t s  a r e  v e ry  s m a l l ,  l a r g e  s t a t i s t i c a l  u n c e r t a i n t i e s  i n  th e  v a lu e s
o f  and Z^^ add s u b s t a n t i a l l y  t o  th e  e r r o r ,
2 2The c r o s s  s e c t i o n s  f o r  P^y^ ** ^3 /2  induced  by
c o l l i s i o n s  w i th  m o le c u le s  a r e  4 -5  o r d e r s  o f  m agnitude l a r g e r  th a n  th e
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c o r re s p o n d in g  c r o s s  s e c t i o n s  f o r  ru b id iu m  -  i n e r t  gas  c o l l i s i o n s  
( P i t r e ,  Rae and K rause I 966 ) ,  Evidence o f  th e  e x i s t e n c e  o f  m e ta ­
s t a b l e  Ng io n s  (S chu lz  1964) has  g iv e n  su p p o r t  to  th e  s u g g e s t io n  
t h a t  th e  c o l l i s i o n a l  m ix ing  induced  w i th  d ia to m ic  m o lecu le s  may 
p roceed  a c c o rd in g  to  a mechanism in v o lv in g  an  in t e r m e d ia te  io n ic  
com plex. C a l c u l a t i o n s  based  on t h i s  a s su m p tio n ,  c a r r i e d  ou t  f o r  a 
Rb -  Ng system  by Andreev and V oron in  ( I 969 )» have y ie ld e d  c r o s s  
s e c t i o n s  i n  good agreem ent w i th  th e  e x p e r im e n ta l  r e s u l t s  a s  may be 
seen  in  Tab le  3» The e x p e r im e n ta l  v a lu e  quo ted  by B e l l i s i o ,
D av id o v its  and Kindlmann ( I 96Ô ), a l th o u g h  i n  b e t t e r  agreem ent w i th  th e  
t h e o r e t i c a l  p r e d i c t i o n ,  r e p r e s e n t s  o n ly  an  e s t im a te  o f  th e  m ixing  
c r o s s  s e c t i o n  which was used by th e  a u th o r s  a s  a sm a ll  c o r r e c t i o n  
to  th e  quenching  c r o s s  s e c t i o n
The l a rg e  m ix ing  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s  o f  rub id ium  
w i th  Hg, HD and Dg may be due to  th e  c l o s e  co rre sp o n d en ce  between 
th e  s e p a r a t i o n s  o f  th e  m o le c u la r  r o t a t i o n a l  l e v e l s  and th e  rub id ium  
Fj. energy  d e f e c t  (238 cm" ) ,  I n  f a c t ,  th e  m ix ing  c r o s s  s e c t i o n s  
f o r  th e  r e s p e c t i v e  i s o to p e s  were found t o  be in v e r s e l y  p r o p o r t i o n a l  
to  t h e i r  r o t a t i o n a l  c o n s t a n t s  ' B ' ,  and th u s  p r o p o r t i o n a l  to  th e  sp a c in g  
between th e  r o t a t i o n a l  l e v e l s  whose te rm  v a lu e s  a r e  g iv e n  by
F ( j )  =  B J(J  + 1 )
w here F(j ) i s  th e  r o t a t i o n a l  te rm  in  u n i t s  o f  cm  ^ and J  i s  th e  
r o t a t i o n a l  quantum number. I t  i s  d i f f i c u l t  to  s p e c u la te  w h e th e r  th e  
d i f f e r e n c e s  i n  th e  r e s p e c t i v e  c r o s s  s e c t i o n s  can  be a t t r i b u t e d  to
2 2
any p a r t i c u l a r  re so n a n c e  between th e  P^yg —  ^3 /2  G^^rgy d e f e c t  in





























O -4 o O o O o O
o -4 O o O o -4 o o





CM \0 A -4
CM 1-4
r-l i-M o rM CM • O
PM
CM CM +  1 + 1 +  1 +  1 +  1 + 1 + 1
4 cxu O O rM UA LA rM M3











A A- CO A












3 0 CA 0
0 •iM rM •rl
3 3
0  r— - 33 Z
4J t o 3 3 3
0 3 •H VÛ 0 •H 3 0
o O >  CA •H 3 o •H
u •H O  r-l z o •H Z
3 4J M 43
o 0 •H X) O 0 "203 60 > 3 CO 3 > 60 CO 3
•H 0  3 M3 0 •H M3 0
4J Q  0 CA X» 43 CA
0 B rM 0 3 0 rM 0
0 1-4 ■ Ml 0 0 • Ml
> o <u > Q)
3 •H q 0 % > 3 0 Pa
M cn -H 3 0 0 M 3 0
•H ^ •rl a 0 •rl a
0 1-4 X Ml 0 •X
•H r—1 3 o T3 •rl 3 o33 0 0 o 3 33 0 o
H PP z < H 1-3 z
3
O  0 CM CM•H M z Z
0 0
•H 3 1 1
rM -U
r-l Ml 33 z
















Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
57
ru b id iu m  and a m o le c u la r  r o t a t i o n a l  t r a n s i t i o n ,  bu t i t  a p p e a rs  t h a t
th e  g r e a t e r  th e  number o f  r o t a t i o n a l  t r a n s i t i o n s  a v a i l a b l e  w i th
2e n e r g i e s  c o r re sp o n d in g  c l o s e l y  to  th e  P j energy  d e f e c t ,  th e  l a r g e r
th e  c r o s s  s e c t i o n s .  I t  was n o ted  by M cGill i s  and Krause (1968b) t h a t
in  c o l l i s i o n s  o f  cesium  w i th  H g , HD and D g, th e  c r o s s  s e c t i o n s
in c re a s e d  from Dg to  Hg, e x a c t ly  th e  r e v e r s e  o f  w hich h as  been
2
o bserved  h e re  f o r  ru b id iu m . I n  ces ium , how ever, th e  Pj. ene rgy  d e f e c t  
(554 cm ^) c o r re s p o n d s  much more c l o s e l y  to  th e  l a r g e r  e n e r g i e s  o f  
th e  r o t a t i o n a l  t r a n s i t i o n s  i n  Hg w hereas  i n  rub id ium  th e r e  i s  a c l o s e r  
c o r re sp o n d en ce  w i th  t r a n s i t i o n s  i n  Dg, I n  c o l l i s i o n s  o f  sodium and p o t ­
ass iu m  w i th  H g , HD and Dg which were s tu d ie d  by S tupavsky and K rause 
( 1968 ) ,  and M c G il l is  and Krause ( 1968a) , r e s p e c t i v e l y , where th e  ^ P j
ene rgy  d e f e c t s  a r e  too  sm all  to  p roduce  r o t a t i o n a l  e x c i t a t i o n ,  th e
)
en erg y  AE i s  p ro b ab ly  c o n v e r te d  to  t r a n s l a t i o n a l  energy  a s  i n  a l k a l i -  
i n e r t  gas  c o l l i s i o n s .  I t  was found i n  th e s e  c a s e s ,  t h a t  th e  m ixing  
c r o s s  s e c t i o n s  were a lm o s t  eq u a l  f o r  th e  v a r io u s  i s o to p e s .  S ince  th e  
i n t e r n a l  m o le c u la r  s t r u c t u r e  a p p e a rs  no t  to  be a s i g n i f i c a n t  f a c t o r ,  
and s in c e  i t  i s  ex p ec ted  t h a t  th e  i n t e r a c t i o n  f o r c e s  between an a l k a l i  
atom and th e  v a r io u s  i s o to p e s  o f  hydrogen  a re  i d e n t i c a l ,  th e  d i f f e r ­
ences  between th e  m ix ing  c r o s s  s e c t i o n s  m easured a t  c o n s t a n t  tem p era ­
t u r e ,  can  l i k e l y  be a s c r ib e d  to  th e  v e l o c i t y  dependence o f  th e  c r o s s  
s e c t i o n s ,  G a l la g h e r  ( 1968) has  shown a s t r o n g  v e l o c i t y  ( te m p e ra tu re )  
dependence to  e x i s t  i n  rub id ium  o r  cesium  -  i n e r t  gas  c o l l i s i o n  c r o s s  
s e c t i o n s  where th e  c o l l i s i o n s  a re  becoming more sudden (more non- 
a d i a b a t i c )  a s  th e  r e l a t i v e  v e l o c i t y  between c o l l i d i n g  p a r t n e r s  
i n c r e a s e s .  I n  th e  p r e s e n t  c a s e ,  th e  e x i s t e n c e  o f  i n t e r n a l  m o le c u la r
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s t r u c t u r e  c o m p l ic a te s  th e  i n t e r p r e t a t i o n .  I f  th e  m ix ing  p ro c e s s  
p roceeded  th ro u g h  a long  l i v e d  in t e r m e d ia te  com plex, th e  d i f f e r e n c e s  
i n  th e  r e s p e c t i v e  m ix ing  c r o s s  s e c t i o n s  f o r  rub id ium  w i th  th e  v a r io u s  
i s o to p e s  o f  hydrogen m ight be p a r t i a l l y  e x p la in e d  by r e l a t i n g  th e  
c r o s s  s e c t i o n s  to  th e  s t r e t c h i n g  f r e q u e n c ie s  o f  th e  m o le c u la r  v i b r a ­
t i o n a l  modes (M elander I96O), M c G ill is  and Krause (I969),  who s tu d ie d  
th e  te m p e ra tu re  dependence o f  th e  m ix ing  c r o s s  s e c t i o n s  f o r  c o l l i s i o n s
o f  e x c i t e d  cesium  atoms w i th  CH, and CD, , a ccoun ted  f o r  th e  d i f f e r e n t
4 4
te m p e ra tu re  dependence o f  th e  m ixing c r o s s  s e c t i o n s  o b se rv ed  i n  th e  
two system s by assuming t h i s  ty p e  o f  i s o to p e  e f f e c t  on th e  c o l l i s i o n a l  
r a t e s .  I n  th e  p r e s e n t  ex p e r im e n t ,  th e  m ix ing  c r o s s  s e c t i o n s  f o r  
Rb -  CH^ and Rb -  CD^ system s were found to  be eq u a l  w i t h i n  e x p e r i ­
m e n ta l  e r r o r  a t  a t e m p e ra tu re  o f  340°K, a t  w hich th e  Cs -  CH^ and 
Cs -  CD  ^ c r o s s  s e c t i o n s  were found e q u a l  by M c G il l is  and K rause (I969).
The s a t u r a t e d  hyd ro ca rb o n s  CH^, CD^ and CgH^ ap p e a r  to  
behave s i m i l a r l y  to  th e  i n e r t  g a s e s ,  i n  t h a t  th e  quenching  c r o s s  
s e c t i o n s  a r e  sm all  and th e  m ix ing  c r o s s  s e c t i o n s  in c r e a s e  w i th  th e  
m o le c u la r  p o l a r i z a b i l i t i e s .  T h is  b e h a v io u r  was obse rved  f o r  c o l l i s i o n s  
w i th  sodium (S tupavsky  and Krause I 9 6 9 ) where th e  e x p e r im e n ta l  r e s u l t s  
were found to  be in  agreem ent w i th  c a l c u l a t i o n s  based on a th e o ry  
developed  f o r  a l k a l i  -  i n e r t  gas  c o l l i s i o n s  by Callaway and Bauer 
(1965), i n  w hich a Van d e r  Waals i n t e r a c t i o n  p o t e n t i a l  was assumed.
S ince  t h i s  th e o ry  i s  a p p l i c a b l e  on ly  t o  th e  n o n - a d ia b a t i c  c a s e  where 
2
th e  P j  ene rgy  d e f e c t  can  be n e g l e c t e d ,  no com parison  betw een e x p e r i ­
m e n ta l  and c a l c u l a t e d  c r o s s  s e c t i o n s  i s  p o s s i b l e .
As m en tioned  p r e v i o u s l y ,  th e  v a lu e s  o f  th e  quench ing  c r o s s
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s e c t i o n s  a r e  c o n s id e re d  to  be th e  l e a s t  r e l i a b l e .  The o bserved
quenching  c r o s s  s e c t i o n s  f o r  Hg, HD and Dg a r e  s u b s t a n t i a l l y  s m a l le r
th a n  th o se  o bserved  w i th  n i t r o g e n  where th e  l a r g e  c r o s s  s e c t i o n s  have
been a t t r i b u t e d  t o  th e  r e l a t i v e l y  ea sy  fo rm a t io n  o f  th e  Rb -  Ng io n i c
t r a n s i t i o n  complex caused  by p o t e n t i a l  u n s a t u r a t i o n  i n  n i t r o g e n
(K ib b le ,  Copley and K rause 1967)» The c r o s s  s e c t i o n s  f o r  c o l l i s i o n s
w i th  n i t r o g e n  and hydrogen a re  compared w i th  some r e c e n t  d e te r m in a t io n s
o f  o th e r  a u th o r s  i n  T ab le  3* The c r o s s  s e c t i o n s  and Qg^ f o r
a l l  th e  m o le c u la r  g a s e s  were found to  be e q u a l  w i th i n  e x p e r im e n ta l
e r r o r  and t h e r e  was no ev id en ce  o f  a re so n a n c e  e f f e c t  between th e
2 2 2rub id ium  t r a n s i t i o n s  S^yg «- P^yg , P^yg and v i b r a t i o n a l  t r a n s i t i o n s  
i n  th e  d ia to m ic  m o le c u le s  Hg, HD, Dg and Ng, such a s  were found by 
Hooymayers and N ien h u is  ( I 9 6 8 ) ,  whose m easurem ents  o f  quenching  c r o s s  
s e c t i o n s  f o r  c o l l i s i o n s  between a l k a l i  atoms and d ia to m ic  m o lecu le s  
a t  flame te m p e ra tu re s  showed a d i r e c t  c o r re sp o n d en ce  between in c r e a s in g  
m agn itudes  o f  th e  c r o s s  s e c t i o n s  and th e  d im in is h in g  en e rg y  gaps 
between th e  a l k a l i  f i n e  s t r u c t u r e  l e v e l s  and th e  n e a r e s t  m o le c u la r  
v i b r a t i o n a l  l e v e l s .  I t  shou ld  be n o ted  t h a t  no a l low ance  i s  made in  
th e  p r e s e n t  s tu d y  f o r  any chem ica l r e a c t i o n s  t h a t  may o c c u r  between 
e x c i t e d  ru b id iu m  atoms and ground s t a t e  m o le c u le s .  Any such r e a c t i o n  
m igh t acc o u n t f o r  th e  f a c t  t h a t  quenching  cross sections measured in 
f la m e s ,  w here th e  h ig h  te m p e ra tu re s  p r e v e n t  th e  fo rm a t io n  o f  ch em ica l (tr
compounds, a r e  g e n e r a l l y  s m a l le r  th a n  th o s e  m easured a t  low er tem per­
a t u r e s ,  I t  i s  q u i t e  l i k e l y ,  f o r  exam ple , t h a t  th e  l a r g e  quenching  
c r o s s  s e c t i o n s  o b se rv ed  w i th  th e  Rb -  CgH^ system  a r i s e  from ru b id iu m
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a d d in g  to  th e  doub le  bond o f  OgH^ and form ing f r e e  r a d i c a l s  w hich 
c o u ld  s u b se q u e n t ly  p o ly m e r iz e .
R eproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
V I I .  CONCLUSIONS
A, T r a n s f e r  o f  E x c i t a t i o n  in  P o ta ss iu m  - Rubidium C o l l i s i o n s
The e x p e r im e n ta l  c r o s s  s e c t i o n s  f o r  th e  c o l l i s i o n a l  p r o c e s s e s  
o c c u r r in g  i n  K -  Rb vapour m ix tu re s  were found to  ag re e  w i th i n  an o rd e r  
o f  m agnitude w i th  th e  v a lu e s  c a l c u l a t e d  by Dashevskaya e t  a l  ( I 97O) who 
developed  th e  f i r s t  t h e o r e t i c a l  t r e a tm e n t  o f  e x c i t a t i o n  t r a n s f e r  i n  
c o l l i s i o n s  between d i s s i m i l a r  a l k a l i  a tom s. P re v io u s  t h e o r e t i c a l  work 
in v o lv in g  t r a n s f e r  o f  e x c i t a t i o n  in  a l k a l i  - a l k a l i  c o l l i s i o n s  had 
been  r e s t r i c t e d  to  c o l l i s i o n s  between i d e n t i c a l  atoms (D ashevskaya, 
V oron in  and N i k i t i n  I969).
Since  th e  c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  t r a n s f e r  from one 
s p e c ie s  o f  a l k a l i  atoms to  a n o th e r  a r e  r e l a t i v e l y  s m a l l ,  th e  s e n s i t i z e d  
f l u o r e s c e n c e ,  when m easured a t  th e  low vapour d e n s i t i e s  r e q u i r e d  to  
a v o id  r a d i a t i o n  im prisonm en t ,  i s  d i f f i c u l t  to  o b s e rv e .  On th e  o th e r  
hand , th e  c r o s s  s e c t i o n s  f o r  m ixing  in  p o ta ss iu m  induced in  c o l l i s i o n s  
w i th  ground s t a t e  rub id ium  atoms a r e  much l a r g e r  a s  a r e  th e  o bserved  
s i g n a l s  a t  th e  a p p r o p r i a t e  vapour d e n s i t i e s .  T h is  f a c t  shou ld  p ro v id e  
a good o p p o r tu n i ty  to  v e r i f y  f u r t h e r  th e  th e o ry  o f  Dashevskaya e t  a l  
( 1970) ,  I n  th e  e x p e r im e n ta l  d e t e r m in a t io n  o f  th e  c r o s s  s e c t i o n s  f o r  
m ixing  i n ,  f o r  exam ple, sodium induced  by c o l l i s i o n s  w i th  o th e r  a l k a l i  
a tom s, o n ly  th e  f lu o r e s c e n c e  e m i t te d  by th e  sodium atoms need be 
o b s e rv e d .  T h is  b e ing  th e  c a s e ,  th e  vapour  d e n s i t i e s  o f  o n ly  th e  
sodium a to m s , w hich a r e  i n i t i a l l y  e x c i t e d ,  must be k e p t  low and ,  i n
61
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t h i s  way, i t  shou ld  be p o s s i b l e  to  o b t a i n  a c c u r a te  c r o s s  s e c t i o n s  f o r  
m ix ing  in  sodium, induced  in  c o l l i s i o n s  w i th  th e  o th e r  a l k a l i  atoms 
(p o ta s s iu m ,  rub id ium  and ce s iu m ) .
B, T r a n s f e r  o f  E x c i t a t i o n  i n  C o l l i s i o n s  Between Rubidium Atoms and 
Gas M olecu les
As in  th e  c a se  o f  c o l l i s i o n s  between cesium  and gas  m ole­
c u l e s  (M cG ill is  and K rause 1968b, I 9 6 9 ) » th e  c r o s s  s e c t i o n s  f o r  m ixing 
i n  rub id ium  induced  by m o le c u la r  g a se s  were abou t fo u r  o r d e r s  o f  
m agnitude  l a r g e r  th a n  th e  c o r re s p o n d in g  c r o s s  s e c t i o n s  f o r  rub id ium  -  
i n e r t  gas c o l l i s i o n s .  This  i s  n o t  s u r p r i s i n g  s in c e  gas  m o le c u le s
p o s s e s s  a c o m p a ra t iv e ly  complex i n t e r n a l  s t r u c t u r e  which p ro v id e s  more
2ch a n n e ls  w hich can  a c c e p t  th e  energy  d i f f e r e n c e  between th e  P j 
components o f  th e  re so n an ce  d o u b le t .  The r o l e  o f  th e  i n t e r n a l  m ole­
c u l a r  s t r u c t u r e  i n  th e  energy  t r a n s f e r  p ro c e s s  i s  s t i l l  n o t  c l e a r .
The c ro s s  s e c t i o n s  o bserved  h e re  f o r  rub id ium  and th o se  obse rved  by 
M c G il l is  and K rause ( 1968b) f o r  ces ium , in  b o th  o f  which th e  m ixing  
was induced  i n  c o l l i s i o n s  w i th  th e  v a r io u s  i s o to p e s  o f  hyd rogen ,  
i n d i c a t e  t h a t  th e  e x c i t a t i o n  t r a n s f e r  p ro c e s s  i s  g r e a t l y  enhanced i f
th e  s p l i t t i n g  between th e  r o t a t i o n a l  l e v e l s  c o r re s p o n d s  c l o s e l y  t o  th e
2
energy  s e p a r a t i o n  o f  th e  a l k a l i  P^ s u b s t a t e s .  No ev id en ce  was found 
however to  s u g g es t  th e  p o s s i b i l i t y  o f  a re so n an ce  e f f e c t .  M c G il l is  and 
K rause ( I 9 69 ) and l a t e r  W alen tynow icz , Phaneuf and K rause ( I 9 7 0 ) ,  have 
been  a b le  to  r e l a t e  th e  m ixing  c r o s s  s e c t i o n s  observed  f o r  cesium  in  
c o l l i s i o n s  w i th  po ly a to m ic  m o le c u le s ,  t o  th e  m o le c u la r  v i b r a t i o n a l  
f r e q u e n c i e s .  A lthough  th e  energy  in v o lv e d  i s  too  sm all  t o  d i r e c t l y
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e x c i t e  th e  m o le c u la r  v i b r a t i o n s ,  th e  m o le c u le s  g e n e r a l ly  v i b r a t e  s e v e r a l  
t im e s  d u r in g  th e  c o l l i s i o n  tim e (~  10 s e c ) .  T h is  v i b r a t i o n  may be 
in s t r u m e n ta l  i n  in d u c in g  th e  m ix in g .  F u r th e r  ex p e r im en ts  which a re  now 
i n  p ro g re s s  shou ld  add i n s i g h t  i n t o  th e  e x c i t a t i o n  t r a n s f e r  mechanism,
C, Quenching o f  Rubidium Resonance R a d ia t i o n  by C o l l i s i o n s  w i th  
M olecu les
The d ia to m ic  m o le c u le s  Hg, HD, Dg and Ng, as  w e l l  as  th e  
u n s a tu r a t e d  p o ly a to m ic  m o lecu le  CgH^, a re  more e f f i c i e n t  quenche rs  th a n  
th e  s a t u r a t e d  h y d rocarbons  CH^, CD^ and CgH^, which were found to  behave 
s i m i l a r l y  to  th e  i n e r t  g a s e s .  I f  i t  i s  assumed t h a t  th e  quenching  
r e a c t i o n  p ro ceed s  th ro u g h  an io n i c  complex (Andreev and V oronin  I969),  
th e n  th e  quench ing  r a t e s  must depend on th e  e a se  w i th  which th e  io n i c  
complex i s  form ed. Hence, th e  quenching  o f  e x c i t e d  s t a t e s  by i n e r t  
g a s e s ,  where th e  e l e c t r o n  a f f i n i t i e s  a r e  v i r t u a l l y  z e ro  (H erzberg  
1944) ,  i s  ex p e c te d  to  be much l e s s  e f f e c t i v e  th a n  t h a t  ob se rv ed  w i th  
d ia to m ic  m o le c u le s .
The quenching  c r o s s  s e c t i o n s  f o r  Hg, HD and Dg were no t 
found to  be s i g n i f i c a n t l y  d i f f e r e n t  to  su g g e s t  any re so n a n c e  e f f e c t  
between th e  rub id ium  re so n an ce  l e v e l s  and th e  m o le c u la r  v i b r a t i o n a l  
l e v e l s  w hich a r e  q u i t e  d i f f e r e n t  f o r  th e  v a r io u s  i s o to p e s  o f  hydrogen . 
Even when th e  quenching  c r o s s  s e c t i o n s  o b ta in e d  w ith  th e  i s o to p e s  o f  
hydrogen  were compared to  th e  much l a r g e r  v a lu e s  o b ta in e d  w i th  n i t r o g e n ,  
no ev id en ce  o f  a re so n an ce  was e s t a b l i s h e d .  I f  a re so n an ce  e f f e c t  d i d ,  
in d e e d ,  e x i s t ,  th e  ob se rv ed  c r o s s  s e c t i o n s  shou ld  be q u i t e  s e n s i t i v e  
a s  t o  w hich rub id ium  s u b s t a t e  was i n i t i a l l y  e x c i t e d .  The quench ing
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c r o s s  s e c t i o n s  o b ta in e d  h e re  were no t  c o n s id e re d  a c c u r a te  enough to  
su g g e s t  any such d i f f e r e n c e s .
Quenching c r o s s  s e c t i o n s  o b ta in e d  a t  flam e te m p e ra tu re s  
(2000*^K) a r e  s i g n i f i c a n t l y  s m a l le r  th a n  th o s e  o b ta in e d  h e r e  and in  
o th e r  i n v e s t i g a t i o n s  a t  s i m i l a r  te m p e ra tu re s  (3OO -  400°K.). I f  th e  
c o l l i d i n g  m o le c u le s  a r e  c h e m ic a l ly  r e a c t i v e ,  th e  fo rm a t io n  o f  a s t a b l e  
complex th ro u g h  which th e  quenching  r e a c t i o n  may p roceed  i s  g r e a t l y  
enhanced . However, a t  th e  h ig h  te m p e ra tu re s  found in  f la m e s ,  th e  
l a r g e  e n e r g i e s  o f  d i s s o c i a t i o n  i n h i b i t  th e  fo rm a t io n s  o f  such com plexes ,  
Hooymayers and Alkemade (1966), who p l o t t e d  th e  c ro s s  s e c t i o n s  f o r  
quenching  o f  e x c i t e d  sodium atoms i n  c o l l i s i o n s  w i th  n i t r o g e n  m o lecu le s  
a t  v a r io u s  r e l a t i v e  v e l o c i t i e s  o f  th e  c o l l i d i n g  s p e c ie s  a s  d e te rm in ed  
by v a r io u s  i n v e s t i g a t o r s ,  have a l s o  found a f a i r l y  complex v e l o c i t y  
dependence o f  th e  c r o s s  s e c t i o n s .  I t  has  r e c e n t l y  become a p p a re n t  
from r e s u l t s  o f  a tom ic  beam ex p e r im en ts  (A nderson , A q u i l a n t i  and 
H erschbach  I969), t h a t  c r o s s  s e c t i o n s  f o r  e x c i t a t i o n  o f  p o ta ss iu m  atoms 
induced  i n  c o l l i s i o n s  w i th  a p a r t i c u l a r  t a r g e t  gas ( th e  i n v e r s e  o f  
quenching) depend s t r o n g ly  on th e  r e l a t i v e  energy  o f  th e  c o l l i d i n g  
p a r t n e r s .  The beam e x p e r im e n ts ,  however, do n o t  ex ten d  to  low enough 
e n e r g i e s  to  p ro v id e  a d i r e c t  com parison  w i th  th e  quenching  c r o s s  
sections.






FLUORESCENT INTENSITY RATIOS 
IN
K -  Rb VAPOUR MIXTURES
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E x t i n c t i o n  C o e f f i c i e n t s  g i n  Pure Rubidium Vapour f o r  
th e  7948 £  Component o f  th e  Resonance D ouble t
S ide  Oven 
T em perature  
(°c )
, P - i ,(cm )
S ide  Oven 
Tem perature
(°c ) (c a -h
4 4 .3 .117 6 3 .4 .535
4 6 .8 .156 6 4 .0 .602
4 9 .6 .177 6 4 .1 .592
50 .4 .189 6 7 .0 ,742
5 0 .7 .196 67,5 .751
52 .4 .249 68,8 .843
53,5 .277 ' 68,8 .825
56.2 .352 6 9 .1 ,898
5 8 .0 .363 71.3 .980
58,9 .402 73.5 1 ,10
6 1 .5 .488 7 6 ,0 1.22
6 1 .6 .460 77.5 1,32
6 3 .0 .545 8 0 .8 1 .40
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E x t i n c t i o n  C o e f f i c i e n t s  p f o r  th e  Resonance L in e s  o f  
Rubidium in  K -  Rb Vapour M ix tu re s
S ide Oven 
T em peratu re
(° c )
p (7800 £) 
( cm"1)
8 (7948 £) 
(cm"1)
67 .1 .602 .296
6 9 .6 .751 .344
72 .2 .816 .440
7 4 .4 .953 .497
76 .0 1.02 .583
7 8 .0 1.11 .705
7 9 ,8 1 .29 .797
8 2 .6 1 .46 .861
8 4 .6 1 .49 .980
8 5 .8 1 .58 1.06
8 8 .3 1.75 1.23
8 9 .9 1.83 1.33
9 2 .4 1 .96 1,40
9 4 .4 1 .97 1 .48
9 6 .2 2 .1 1 1,55
9 8 .6 2 .0 8 1.66
101 .0 2 .2 1 1.76
104.0 2 .3 6 1.86
106,6 2 .4 1 2 .03
109.4 2 .4 6 2 .0 8
112.3 2 ,5 6 2 ,2 2
115 .1 2 .6 0 2 .2 6
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E x t i n c t i o n  C o e f f i c i e n t s  8 f o r  th e  Resonance L in e s  o f  
P o tass iu m  in  K -  Rb Vapour M ix tu re s
* s s > ’ • S 3 , »
,266
80.0 .334
83.6  .488 .225
86.8  .583 .320
9 0 .7  .770  .383
94 .3  .944  ,535
9 7 .7  . 1 .14  .667
100.5  1 .33 .825
104 .4  1 .54  1.02
107.6  1.78  1.21
110.9  1 .96  1.41
114.8  2.11  1.61
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F lu o r e s c e n t  I n t e n s i t y  R a t io s  i n  K -  Rb Vapour M ix tu re s  
(C o r re c te d  f o r  R e a b so rp t io n )
P i (Rb) T|i2, P^ (Rb) Tlig,
(10"5 mm Hg) (10"6) ( lO '^ m m H g )  ( lo " ^ )
.475 1 .48  5 .5 4  8 .4 0
.800 3 .1 0  6 .1 7  9 .3 6
1.03  3 .7 5  6 .5 5  9 ,9 6
1 .2 7  3 .1 5  7 .41  10 .9
1 .39  3 .2 0  7 .41  12 .4
1 .60  3 .8 8  8 .3 0  13.3
1 .85  3 .4 7  8 .7 5  14 ,4
2 .2 4  4 .0 4  9 .3 9  15 .4
2 .7 7  4 .1 4  1 0 .4  17.3
3 .2 2  4 .9 3  1 1 .4  2 0 .4
3 .8 5  5 .69  12 .2  2 2 ,7
4 .0 4  5.75  14 .2  2 7 .3
4 .5 3  6 .5 7  1 5 .8  3 4 ,8
5 .01  7 .43  18 .3  4 1 .3
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? !  (Rb) 122, Pi (Rb) Tbg,
(10"5 mm Hg) (10“^) ( lO '^ m m H g )  ( lo " ^ )
.516 ,328 2.75 2,98
,718 .772  3 .0 3  3 .4 4
.942 .843 3 .1 4  3 .93
1.16  1.26  3 .5 5  4 .7 9
1.42  1 .14  4 .3 0  6 .95
1.61  1.21  5 .46  10.6
1 .70  1 .04  6 .9 2  16 .4
1 .87  1,58  8 .6 0  2 2 ,9
2 .0 6  1.83  10 .2  3 3 .1
2 .3 9  2 .2 8  11 .8  4 3 .7
2 .5 0  2 .8 4  13 .8  $ 6 .8
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P i (Rb) n i l ,  P i  (Rb) Till,
(10"5 mm Hg) (10"^) ( lo " ^  mm Hg) ( l o “^)
5-72 .591 1 1 .4  1.30
6 .8 8  .797 1 1 .7  1.36
8 .0 4  .789 12 .5  1 .42
8 .6 8  .862  13.3  1.62
9 .0 1  .932  1 4 .0  1 .88
9 .2 8  .894  15 .9  1 .99
9 .9 9  1.05  19 .1  2 .9 5
1 0 .7  1.13
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Pi I2I' Pi I2I'
(10  ^ mm Hg) (10 ^) (10 ^ mm Hg) (10 ^)
2 .8 2  .379  6 .4 0  .997
3 .5 0  .364  6 .4 7  1.02
4 .0 4  .428  6 .8 4  1.03
4 .4 9  .444 7 .52  1 .07
4 .5 6  .550  8 .0 4  1.39
4 .9 4  .693  9 .0 1  1.41
5 .2 0  .587  9 .8 7  1 .92
5 .46  .747  11 .1  2 .3 4
5 .8 0  .833 13 .2  3 .0 7
5 .91  .872
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
73
^1 (Rb)




1 .18 .850 .614
1 .64 1.43 1.11
1.79 1.76 1.41
2 .2 4 1 .87 1.42
2 .53 2 .3 6 1.84
2 ,6 7 2 .1 8 1,63
2 .8 9 2 .6 8 2 .0 8
3 .2 7 2 .8 2 2 .1 4
3 .6 4 3 .0 5 2 .2 8
4 .0 7 3 .7 2 2 .8 4
4 .2 6 3 .7 8 2 ,8 5
4 .7 0 4 .4 1 3 .3 7
5 .1 8 4 .7 3 3 .5 7
5.22 5 .72 4 .5 2
5.85 5 .6 8 4 .3 6
6 .4 0 7 .8 0 6 .26
6 .8 5 8 .4 0 6 .7 6
7.03 8 .5 0 6.81
7 .51 10.3 8 .4 0
8 .03 11 .0 8 .9 7
8 .6 6 13.1 10.9
9 .8 0 16 .8 14 .7
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(Rb) ^2 ’I2
(10 ^ mm Hg) (10- 5) ( 10- 5)
.918 1 .14 .892
1.25 1.21 .867
1.81 2 .1 6 1.69
2 .1 4 2 .6 4 2 .0 9
2 .5 0 3 .0 7 2 .4 1
3,00 3.90 3 .1 0
3.26 4 .1 3 3.27
3 .6 4 4 .6 4 3.68
4 .03 5.13 4 .0 6
4.26 4.95 3,78
4 .5 5 6 .21 4 .9 7
4 .7 4 6 .4 8 5.22
5 .00 6 .5 6 5.21
5 / # 6.62 5.19
5.64 7.62 6 .08
6.11 9.27 7.64
6.22 8 .6 5 6.98
7 .07 10 .4 8.50
7.25 12.2 10.3
7.92 12.3 10.2
8 .4 4 14 .0 11 .8
9 .4 4 17.3 15 .0
9 .8 4 18 .8 16.3
11 .1 2 1 .8 19.1
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Rb - Hg DATA
























1 .08 .185 .140
1.21 .200 .150







2 .1 9 .305 .238
2 .4 5 .327 .251
3 ,0 3 .374 .279
3 .3 1 ,386 ,295
4 .21 .430 ,327
4 .6 2 .463 .340
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Rb -  Dg DATA
























1 .97 .395 .290
2 .4 2  , .450 .317
2 .7 2 .480 .343
3 .3 2 .553 .375
4 .1 7 .604 .414
4 .9 5 .651 ♦441
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Rb -  DATA
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Rb - Ng DATA (continued)
P (mm Hg) m  ^2
1.41 .0981  .0756
1 .47  .0986  .0749
1,56 ,!(& .0826
1 .77  .111  .0916
1 .78  .115  .0889
2 .2 1  .126 .106
2 .8 0  .144  .121
3 .4 5  .163 .133
4 .1 2  .176  .146
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P (mm Hg)
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P (mm Hg)
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Rb C_H, DATA

























2 .1 2 .111 .109
2 .5 1 .121 .115
3 .1 2 .130 .125
3.74 .134 .130
4.26 .143 .141
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Rb - CgH^ DATA
















.777 .214 . 165
.896 .243 .182
1 .17 . 2 9 $ .217
1.44 .344 .251
1.8$ .415 .290
2 .3 0 .476 .329
2 .9 2 .$47 .374
3 ,5 0 .603 .404
4 .1 $ .651 .435
4 .8 9 .707 .468
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